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Chapter 1 SUMMARY
Thisɯgeologyɯandɯsoilsɯtechnicalɯmemorandumɯdescribesɯtheɯgeologicɯ
conditionsɯpresentɯalongɯtheɯalignmentɯofɯtheɯproposedɯAlaskanɯWayɯViaductɯ
andɯSeawallɯReplacementɯProject.ɯɯInɯaddition,ɯtheɯgeotechnicalɯdesignɯandɯ
constructionɯissuesɯandɯrelatedɯimpactsɯandɯmitigationɯareɯdiscussed.ɯɯTheɯ
projectɯalternativesɯandɯoptionsɯareɯdescribedɯinɯdetailɯinɯAppendixɯB,ɯ
AlternativesɯDescriptionɯandɯConstructionɯMethodsɯTechnicalɯMemorandum.ɯɯɯ

Forɯdiscussionɯpurposes,ɯtheɯprojectɯhasɯbeenɯbrokenɯintoɯtheɯfollowingɯ
sections:ɯ

¶ TheɯsouthɯareaɯofɯtheɯprojectɯextendsɯfromɯS.ɯSpokaneɯStreetɯtoɯS.ɯKingɯ
Street.ɯɯɯ

¶ TheɯcentralɯareaɯofɯtheɯprojectɯextendsɯfromɯS.ɯKingɯStreetɯupɯtoɯtheɯ
BatteryɯStreetɯTunnelɯ(BST).ɯɯɯ

¶ TheɯnorthɯareaɯofɯtheɯprojectɯextendsɯfromɯtheɯBSTɯtoɯapproximatelyɯ
WardɯStreetɯnearɯtheɯsouthɯendɯofɯLakeɯUnion.ɯɯɯ

1.1  Methodology and Scope of Studies 
Informationɯaboutɯtheɯgeologicɯsubsurfaceɯconditionsɯalongɯtheɯprojectɯ
corridorɯwasɯevaluatedɯbyɯreviewingɯexistingɯavailableɯsubsurfaceɯ
informationɯandɯbyɯperformingɯsubsurfaceɯexplorations.ɯɯTheɯinformationɯ
collectedɯfromɯtheseɯstudiesɯwasɯusedɯtoɯdevelopɯaɯdescriptionɯofɯtheɯaffectedɯ
environment,ɯincludingɯgeology,ɯlocationɯofɯcriticalɯgeologicɯareas,ɯandɯ
generalɯtopographicɯsetting.ɯɯ

Conceptualɯdesignɯofɯvariousɯprojectɯfeaturesɯwasɯperformedɯandɯisɯpresentedɯ
inɯtheɯGeotechnicalɯandɯEnvironmentalɯMemorandaɯ(Shannonɯ&ɯWilsonɯ2002b).ɯɯ
Basedɯonɯtheɯinformationɯobtainedɯfromɯtheɯstudies,ɯtheɯprojectɯalternativesɯ
andɯoptionsɯwereɯevaluatedɯwithɯrespectɯtoɯtheirɯgeologicɯimpacts.ɯɯOperationɯ
impactsɯwereɯidentified,ɯincludingɯseismicɯhazards,ɯexcavation,ɯstability,ɯandɯ
settlementsɯdueɯtoɯvariousɯprojectɯfeatures.ɯɯConstructionɯimpactsɯwereɯalsoɯ
identified,ɯincludingɯerosionɯandɯsedimentɯtransport,ɯstability,ɯgroundwaterɯ
impacts,ɯsettlement,ɯvibration,ɯandɯstagingɯareas.ɯɯMitigationɯmeasuresɯwereɯ
developedɯforɯeachɯofɯtheɯimpactsɯidentified.ɯ

1.2  Affected Environment 
Inɯgeneral,ɯtheɯprojectɯareaɯisɯinɯaɯhighlyɯdevelopedɯcorridorɯthatɯincludesɯ
structures,ɯutilities,ɯroadwayɯandɯrailroadɯcrossings,ɯandɯnumerousɯotherɯ
surfaceɯimprovements.ɯɯTheɯsubsurfaceɯgeologyɯencounteredɯalongɯtheɯprojectɯ
alignmentɯincludesɯglacialɯdepositsɯoverlainɯbyɯrecentɯnativeɯandɯfillɯdepositsɯ
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toɯvariousɯdepths.ɯɯInɯgeneral,ɯtheɯdeepestɯrecentɯdepositsɯareɯencounteredɯ
southɯofɯYeslerɯWay.ɯɯInɯtheɯsouthɯarea,ɯtheɯdepthɯtoɯglacialɯdepositsɯvariesɯ
fromɯaboutɯ50ɯfeetɯtoɯgreaterɯthanɯ250ɯfeet.ɯɯTheɯnativeɯsoilsɯoverlyingɯtheɯ
glacialɯdepositsɯconsistɯofɯlooseɯtoɯdenseɯsand,ɯsiltyɯsand,ɯsandyɯsilt,ɯandɯsoftɯ
toɯstiffɯclayeyɯsiltɯandɯsiltyɯclay.ɯɯFillɯdeposits,ɯwhichɯareɯhighlyɯvariableɯinɯ
density,ɯthickness,ɯandɯtype,ɯareɯpresentɯoverɯtheɯnativeɯsoils.ɯɯ

Inɯtheɯcentralɯarea,ɯdenseɯglacialɯdepositsɯareɯgenerallyɯlocatedɯwithinɯ50ɯfeetɯ
ofɯtheɯgroundɯsurface.ɯɯAlongɯtheɯwaterfront,ɯglacialɯdepositsɯareɯwithinɯ70ɯ
feetɯofɯtheɯgroundɯsurface.ɯɯTheɯoverlyingɯmaterialsɯconsistɯofɯfillɯoverlyingɯ
nativeɯdepositsɯofɯsand,ɯsilt,ɯandɯclay.ɯɯTheɯfillɯmayɯcontainɯdebris,ɯincludingɯ
oldɯtimberɯpiles,ɯbulkheads,ɯandɯotherɯabandonedɯstructures.ɯɯɯ

Inɯtheɯnorthɯarea,ɯdenseɯglacialɯdepositsɯareɯtypicallyɯlocatedɯwithinɯ10ɯfeetɯofɯ
theɯgroundɯsurfaceɯandɯareɯoverlainɯbyɯmostlyɯfillɯdeposits,ɯwhichɯareɯhighlyɯ
variableɯinɯnature.ɯɯInɯsomeɯlocalizedɯareas,ɯfillɯdepositsɯmayɯbeɯmoreɯthanɯ10ɯ
feetɯthick.ɯ

1.3  Geologic and Soil Concerns 

Liquefactionɯresultingɯfromɯaɯseismicɯeventɯisɯtheɯgeologicɯhazardɯwithɯtheɯ
greatestɯpotentialɯtoɯimpactɯtheɯproposedɯalternatives.ɯɯThisɯphenomenonɯ
occursɯduringɯgroundɯshakingɯandɯresultsɯinɯaɯreductionɯofɯtheɯshearɯstrengthɯ
ofɯtheɯsoilɯ(aɯquicksandɪlikeɯcondition).ɯɯLiquefactionɯisɯaɯmajorɯconcernɯinɯ
bothɯtheɯsouthɯareaɯofɯtheɯprojectɯandɯalongɯtheɯwaterfrontɯinɯtheɯcentralɯarea.ɯɯ
Noɯliquefactionɯisɯanticipatedɯinɯtheɯnorthɯarea.ɯɯLiquefactionɯcanɯresultɯinɯ
lateralɯspreadingɯ(groundɯmovementɯonɯgentleɯslopes),ɯlandslidingɯonɯsteepɯ
slopes,ɯandɯlowerɯverticalɯandɯlateralɯcapacityɯforɯstructureɯfoundations.ɯɯ
Buildings,ɯbridges,ɯandɯotherɯstructuresɯfoundedɯonɯorɯinɯtheɯliquefiedɯsoilsɯ
mayɯsettle,ɯtilt,ɯmoveɯlaterally,ɯorɯcollapse.ɯɯTheɯpotentialɯforɯandɯimpactsɯofɯ
liquefactionɯdependɯonɯtheɯconsistencyɯandɯdensityɯofɯtheɯsoil,ɯtheɯgrainɪsizeɯ
distributionɯofɯtheɯsoil,ɯandɯtheɯmagnitudeɯandɯdurationɯofɯtheɯseismicɯevent.ɯɯ
Liquefactionɯwillɯbeɯmitigatedɯbeneathɯapproachɯfillsɯandɯaroundɯfoundationɯ
elementsɯbyɯusingɯgroundɯimprovementɯtechniques.ɯ

1.4  Impact Summary 

Mostɯofɯtheɯoperationɯimpactsɯidentifiedɯforɯtheɯalternativesɯrelateɯtoɯpotentialɯ
groundɯmovementɯfromɯliquefaction,ɯincludingɯsettlement,ɯlateralɯspreading,ɯ
andɯotherɯrelatedɯphenomena.ɯɯBuildings,ɯpavements,ɯutilities,ɯandɯotherɯ
structuresɯcouldɯbeɯaffectedɯbyɯtheɯpresenceɯofɯnewɯfills,ɯwalls,ɯtunnels,ɯandɯ
otherɯnewɯfeatures.ɯɯPerformingɯaɯthoroughɯandɯadequateɯdesignɯforɯtheɯ
selectedɯalternativeɯwillɯmitigateɯmostɯofɯtheseɯimpacts.ɯɯMeasuresɯ
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implementedɯduringɯtheɯdesignɯprocessɯwillɯidentifyɯsiteɪspecificɯmitigationɯ
measuresɯthatɯwillɯaddressɯpotentialɯimpactsɯtoɯadjacentɯfacilities.ɯ

Mostɯofɯtheɯconstructionɯimpactsɯidentifiedɯforɯtheɯalternativesɯalsoɯrelateɯtoɯ
potentialɯgroundɯmovement.ɯɯImproperɯconstructionɯtechniquesɯcouldɯleadɯtoɯ
excessiveɯsettlement,ɯheave,ɯvibration,ɯorɯmovementɯofɯadjacentɯbuildings,ɯ
pavements,ɯutilities,ɯorɯotherɯstructures.ɯɯMitigationɯmeasuresɯidentifiedɯinɯ
finalɯdesignɯwillɯbeɯimplementedɯbyɯexperiencedɯcontractorsɯwhoɯwillɯ
constructɯtheɯprojectɯinɯaccordanceɯwithɯtheɯplansɯandɯspecificationsɯusingɯ
BestɯManagementɯPracticesɯ(BMPs)ɯspecifiedɯbyɯtheɯWashingtonɯStateɯ
DepartmentɯofɯTransportationɯ(WSDOT)ɯand/orɯtheɯCityɯofɯSeattle.ɯ

Secondaryɯandɯcumulativeɯimpactsɯrelatedɯtoɯgeologyɯandɯsoilsɯareɯminimal.ɯɯ
RebuildingɯofɯtheɯSeawallɯwillɯhaveɯaɯpositiveɯsecondaryɯimpactɯinɯthatɯ
damageɯtoɯstructuresɯandɯutilitiesɯdueɯtoɯliquefactionɯandɯcollapseɯofɯtheɯ
currentɯSeawallɯwillɯbeɯmitigated.ɯ

Erosionɯandɯsedimentɯtransportɯcouldɯhaveɯaɯcumulativeɯeffectɯifɯneighboringɯ
projectsɯareɯconstructedɯatɯtheɯsameɯtimeɯasɯtheɯAlaskanɯWayɯViaductɯproject.ɯɯ
Cumulativeɯeffectsɯofɯerosion,ɯsedimentɯtransport,ɯspoilsɯhauling,ɯetc.,ɯcouldɯ
worsenɯtheɯconstructionɯandɯoperationɯimpactsɯidentified.ɯɯɯ

Noɯimpactsɯwereɯidentifiedɯinɯanyɯofɯtheɯalternativesɯthatɯcouldɯnotɯbeɯ
mitigatedɯbyɯcompensation,ɯproperɯdesign,ɯand/orɯconstructionɯmethods.ɯɯTheɯ
NoɯBuildɯAlternativeɯwillɯhaveɯtheɯleastɯimpactsɯtoɯsoilɯandɯgeology,ɯalthoughɯ
liquefactionɯofɯtheɯsoilsɯalongɯtheɯwaterfrontɯwillɯnotɯbeɯmitigatedɯandɯtheɯ
potentialɯforɯcollapseɯofɯtheɯSeawallɯandɯexistingɯviaductɯ(particularlyɯ
waterfrontɯandɯsouthɯsections)ɯduringɯanɯearthquakeɯwillɯstillɯexist.ɯɯOfɯtheɯ
otherɯalternatives,ɯtheɯSurfaceɯAlternativeɯhasɯtheɯleastɯsignificantɯimpactɯwithɯ
regardsɯtoɯgeologyɯandɯsoils.ɯɯTheɯTunnelɯAlternativeɯhasɯtheɯmostɯsignificantɯ
impact,ɯprimarilyɯdueɯtoɯtheɯamountɯofɯexcavationɯandɯdewateringɯthatɯwillɯ
beɯrequired.ɯ
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Chapter 2 METHODOLOGY
Theɯobjectɯofɯthisɯmemorandumɯisɯtoɯdescribeɯtheɯgeologicɯconditionsɯalongɯ
theɯprojectɯcorridorɯandɯidentifyɯimpactsɯthatɯtheɯproposedɯconstructionɯcouldɯ
haveɯonɯtheɯgeologicɯandɯsoilɯenvironment.ɯɯɯ

Theɯgeologicɯsubsurfaceɯconditionsɯalongɯtheɯprojectɯcorridorɯwereɯevaluatedɯ
byɯreviewingɯexistingɯavailableɯsubsurfaceɯinformationɯandɯbyɯperformingɯ
subsurfaceɯexplorations.ɯɯTheɯinformationɯcollectedɯfromɯtheseɯstudiesɯwasɯ
usedɯtoɯdevelopɯaɯdescriptionɯofɯtheɯaffectedɯenvironment,ɯincludingɯgeology,ɯ
locationɯofɯcriticalɯgeologicɯareas,ɯandɯgeneralɯtopographicɯsetting.ɯɯ

Basedɯonɯtheɯproposedɯalternativesɯandɯoptions,ɯgeologicɯimpactsɯrelatedɯtoɯ
foundations,ɯgroundɯimprovement,ɯexcavations,ɯtunneling,ɯcutsɯandɯfills,ɯ
retainingɯwalls,ɯconstruction,ɯandɯutilitiesɯwereɯassessed.ɯɯMitigationɯmeasuresɯ
forɯtheseɯimpactsɯwereɯalsoɯidentified.ɯ

Theɯfollowingɯordinancesɯandɯguidelinesɯprovidedɯinformationɯthatɯwasɯ
consideredɯinɯdevelopingɯgeologyɯandɯsoilsɪrelatedɯimpacts:ɯ

¶ NationalɯEnvironmentalɯPolicyɯActɯ(NEPA)ɯ42ɯUSCɯSectionɯ4231.ɯɯ
Implementingɯregulationsɯareɯ23ɯCFRɯ1500ɪ1508ɯ(CEQ).ɯ

¶ StateɯEnvironmentalɯPolicyɯActɯ(SEPA).ɯɯImplementingɯregulationsɯareɯ
WashingtonɯAdministrativeɯCodeɯ(WAC)ɯ197ɪ11ɯandɯWACɯ468ɪ12.ɯɯ

¶ AmericanɯAssociationɯofɯHighwayɯandɯTransportationɯOfficialsɯ
(AASHTO)ɯDesignɯSpecificationsɯ

¶ KingɯCountyɯCriticalɯAreasɯOrdinance.ɯ
¶ WSDOT,ɯBridgeɯDesignɯManual.ɯ
¶ WSDOT,ɯEnvironmentalɯProceduresɯManualɯM31ɪ11,ɯJulyɯ2001.ɯ
¶ CityɯofɯSeattle,ɯRegulationsɯforɯEnvironmentalɯCriticalɯAreasɯ(ECA),ɯ

Chapterɯ25ɯ
ɯ
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Chapter 3 STUDIES AND COORDINATION
Geologicɯdataɯwasɯobtainedɯalongɯtheɯprojectɯcorridorɯbyɯcollectingɯexistingɯ
subsurfaceɯdataɯandɯdrillingɯadditionalɯsoilɯborings.ɯɯTheɯgeologicɯevaluationɯ
alongɯtheɯcorridorɯwasɯperformedɯbasedɯonɯtheseɯdata.ɯ

3.1  Existing Subsurface Data 

Projectɯfilesɯandɯarchivesɯfromɯseveralɯsourcesɯwereɯreviewedɯtoɯobtainɯ
existingɯgeotechnicalɯsubsurfaceɯinformationɯalongɯtheɯprojectɯcorridor.ɯɯTheseɯ
effortsɯwereɯconcentratedɯonɯsourcesɯwhereɯlargeɯamountsɯofɯinformationɯ
wereɯalreadyɯstoredɯandɯeasilyɯaccessed.ɯɯData,ɯprimarilyɯconsistingɯofɯboringɯ
logs,ɯwereɯcollectedɯfromɯtheɯfollowingɯsources:ɯ

¶ Shannonɯ&ɯWilson,ɯInc.ɯprojectɯfilesɯ
¶ UniversityɯofɯWashingtonɯSeattleɪAreaɯGeologicɯMappingɯProjectɯ
¶ SeattleɯDepartmentɯofɯPlanningɯandɯDevelopmentɯ(DPD)ɯ
¶ WSDOTɯ
¶ WashingtonɯStateɯFerriesɯ
¶ PortɯofɯSeattleɯ
¶ WashingtonɯDepartmentɯofɯEcologyɯ(Ecology)ɯ
¶ SeattleɯDepartmentɯofɯPublicɯUtilitiesɯ(SPU)ɯ
¶ SeattleɯTransportationɯDepartmentɯ(SDOT)ɯ
¶ SeattleɯParksɯDepartmentɯ
¶ KingɯCountyɯMetroɯ

Duringɯtheɯvisitsɯtoɯeachɯsourceɯlistedɯabove,ɯtheɯstoredɯfilesɯwereɯreviewedɯ
andɯselectedɯboringɯlogsɯcopied.ɯɯAtɯsomeɯofɯtheseɯlocations,ɯtheɯdataɯ
reviewedɯwereɯofɯpoorɯqualityɯandɯthereforeɯwereɯnotɯusedɯinɯtheɯgeologicalɯ
studies.ɯɯOnlyɯdataɯthatɯcontainedɯsufficientɯinformationɯtoɯlocateɯtheɯboringsɯ
andɯtoɯevaluateɯtheɯsubsurfaceɯgeologyɯwereɯselected.ɯɯTheɯexistingɯsubsurfaceɯ
dataɯcollectedɯareɯpresentedɯinɯtheɯGeotechnicalɯandɯEnvironmentalɯDataɯReportɯ
(Shannonɯ&ɯWilsonɯ2002a).ɯɯɯ

3.2  Geologic Literature Review 

Inɯadditionɯtoɯobtainingɯsiteɪspecificɯsubsurfaceɯdataɯfromɯvariousɯsources,ɯ
publishedɯgeologicɯliteratureɯwasɯreviewedɯforɯtheɯprojectɯarea.ɯɯTheseɯdataɯ
includedɯtheɯfollowing:ɯ

¶ KingɯCountyɯSensitiveɯAreasɯMapɯFolioɯ(KingɯCountyɯ1990)ɯ
¶ CoastalɯZoneɯAtlasɯofɯWashingtonɯ(Ecologyɯ1977)ɯ
¶ EnvironmentallyɯCriticalɯAreasɯMapɯFoliosɯ(CityɯofɯSeattleɯ2002)ɯ
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¶ KingɯCountyɯSoilɯSurveyɯ(Snyderɯetɯal.ɯ1973)ɯ
¶ UnitedɯStatesɯGeologicalɯServiceɯ(USGS)ɯGeologyɯMapsɯ
¶ DepartmentɯofɯNaturalɯResourcesɯ(DNR)ɯMapsɯ
¶ MicrozonationɯMapsɯforɯtheɯSeattle,ɯWashington,ɯMetropolitanɯAreaɯ

(Wongɯetɯal.ɯ1999)ɯ

Aɯgeologicɯfieldɯreconnaissanceɯofɯtheɯprojectɯareaɯwasɯalsoɯperformedɯtoɯ
identifyɯmajorɯgeologicɯsurfaceɯfeatures.ɯɯHowever,ɯsinceɯmostɯofɯtheɯprojectɯ
areaɯisɯheavilyɯdeveloped,ɯtheɯresultsɯofɯtheɯfieldɯreconnaissanceɯwereɯlimited.ɯɯɯ

3.3  Field Explorations 

Aɯfieldɯexplorationɯprogramɯwasɯperformedɯalongɯtheɯprojectɯcorridorɯtoɯ
supplementɯtheɯexistingɯsubsurfaceɯinformationɯandɯtoɯobtainɯmoreɯspecificɯ
dataɯinɯtheɯlocationsɯofɯtheɯproposedɯstructures.ɯɯInɯgeneral,ɯtheɯexplorationsɯ
wereɯlocatedɯinɯareasɯwhereɯstructuresɯareɯproposedɯand/orɯwhereɯgeologicɯ
conditionsɯwereɯnotɯwellɯdocumented.ɯɯTheɯresultsɯofɯtheɯfieldɯexplorationsɯ
areɯpresentedɯinɯtheɯGeotechnicalɯandɯEnvironmentalɯDataɯReportɯ(Shannonɯ&ɯ
Wilsonɯ2002a).ɯɯɯ

3.4  Evaluation of Project Impacts and Mitigation 
Conceptualɯdesignɯofɯvariousɯprojectɯfeaturesɯwasɯperformedɯandɯisɯpresentedɯ
inɯtheɯGeotechnicalɯandɯEnvironmentalɯMemorandaɯ(Shannonɯ&ɯWilsonɯ2002b).ɯɯ
Theseɯstudiesɯwereɯusedɯtoɯdevelopɯtheɯprojectɯalternativesɯandɯoptionsɯthatɯ
haveɯbeenɯidentified.ɯ

Basedɯonɯtheɯinformationɯobtainedɯfromɯtheɯstudiesɯdiscussedɯinɯtheɯpreviousɯ
sections,ɯtheɯprojectɯalternativesɯandɯoptionsɯwereɯevaluatedɯwithɯrespectɯtoɯ
theirɯgeologicɯimpacts.ɯɯPreliminaryɯevaluationsɯwereɯmadeɯrelatedɯtoɯ
settlement,ɯstability,ɯlateralɯearthɯpressure,ɯfoundationɯcapacity,ɯearthquakes,ɯ
andɯotherɯgeologicɯissues.ɯɯTheɯevaluationsɯwereɯmadeɯbasedɯonɯexperienceɯ
withɯsimilarɯprojectsɯandɯsimilarɯsoilɯconditions,ɯandɯconceptualɯengineeringɯ
analyses.ɯɯOperationɯimpactsɯwereɯidentified,ɯincludingɯseismicɯhazards,ɯ
groundwaterɯflow,ɯerosionɯandɯsedimentɯtransport,ɯandɯsettlementsɯdueɯtoɯ
variousɯprojectɯfeatures.ɯɯConstructionɯimpactsɯwereɯidentified,ɯincludingɯ
erosionɯandɯsedimentɯtransport,ɯexcavationɯandɯfillɯstability,ɯgroundwaterɯ
impacts,ɯsettlement,ɯvibration,ɯandɯstagingɯareas.ɯɯSecondaryɯandɯcumulativeɯ
impactsɯwereɯalsoɯidentified.ɯ

Mitigationɯmeasuresɯwereɯdevelopedɯforɯeachɯofɯtheɯimpactsɯidentified.ɯɯTheɯ
potentialɯmitigationɯmeasuresɯwereɯselectedɯbasedɯonɯexperienceɯwithɯsimilarɯ
projectsɯandɯtheɯresultsɯofɯconceptualɯengineeringɯanalyses.ɯ
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Chapter 4 AFFECTED ENVIRONMENT
TheɯprojectɯcorridorɯextendsɯfromɯaboutɯS.ɯSpokaneɯStreet,ɯnorthɯalongɯtheɯ
Seattleɯwaterfront,ɯtoɯapproximatelyɯWardɯStreet.ɯɯTheɯcorridorɯpassesɯ
throughɯhighlyɯdevelopedɯcommercialɯandɯindustrialɯareasɯofɯSeattle.ɯɯTheseɯ
areasɯofɯtheɯcityɯwereɯfirstɯdevelopedɯinɯtheɯ1870sɯthroughɯtheɯearlyɯ1900sɯandɯ
haveɯaɯlongɯandɯvariedɯlandɯuseɯhistory.ɯɯɯ

Theɯgeologicɯsurfaceɯandɯsubsurfaceɯconditionsɯalongɯtheɯprojectɯcorridorɯ
(affectedɯenvironment)ɯwereɯevaluatedɯbyɯreviewingɯexistingɯavailableɯ
subsurfaceɯinformationɯandɯbyɯperformingɯaɯgeologicɯfieldɯreconnaissanceɯ
andɯsubsurfaceɯexplorations.ɯɯThisɯinformationɯwasɯusedɯtoɯdevelopɯaɯ
descriptionɯofɯtheɯexistingɯgeologicɯconditionsɯ(topography,ɯsoils,ɯ
groundwater,ɯandɯhazards)ɯthatɯmayɯaffectɯorɯbeɯaffectedɯbyɯtheɯAlaskanɯWayɯ
ViaductɯandɯSeawallɯReplacementɯProject.ɯɯ

4.1  Topographic and Geologic Setting 
TheɯprojectɯcorridorɯisɯlocatedɯinɯtheɯcentralɯportionɯofɯtheɯPugetɯSoundɯBasin,ɯ
anɯelongated,ɯnorthɪsouthɯdepressionɯsituatedɯbetweenɯtheɯOlympicɯ
MountainsɯandɯtheɯCascadeɯRange.ɯɯRepeatedɯglaciationɯ(glacialɯevents)ɯofɯ
thisɯregion,ɯasɯrecentlyɯasɯaboutɯ13,500ɯyearsɯago,ɯstronglyɯinfluencedɯtheɯ
presentɪdayɯtopography,ɯgeology,ɯandɯgroundwaterɯconditionsɯinɯtheɯprojectɯ
area.ɯɯTheɯtopographyɯisɯdominatedɯbyɯaɯseriesɯofɯnorthɪsouthɯridgesɯandɯ
troughsɯformedɯbyɯglacialɯerosionɯandɯsedimentɯdeposition.ɯɯPugetɯSound,ɯ
LakeɯWashington,ɯandɯotherɯlargeɯwaterɯbodiesɯnowɯoccupyɯtheɯmajorɯ
troughs.ɯɯɯ

GeologistsɯgenerallyɯagreeɯthatɯtheɯPugetɯSoundɯareaɯwasɯsubjectedɯtoɯsixɯorɯ
moreɯmajorɯglacialɯevents,ɯorɯglaciations,ɯduringɯtheɯlastɯtwoɯmillionɯyears.ɯɯ
Theɯglacialɯiceɯforɯtheseɯglaciationsɯoriginatedɯinɯtheɯcoastalɯmountainsɯofɯ
CanadaɯandɯgenerallyɯflowedɯsouthwardɯintoɯtheɯPugetɯSoundɯregion.ɯɯTheɯ
maximumɯsouthwardɯadvanceɯofɯtheɯiceɯwasɯaboutɯhalfwayɯbetweenɯOlympiaɯ
andɯCentraliaɯ(aboutɯ50ɯmilesɯsouthɯofɯSeattle).ɯɯDuringɯtheɯmostɯrecentɯ
glaciation,ɯtheɯiceɯisɯestimatedɯtoɯhaveɯbeenɯaboutɯ3,000ɯfeetɯthickɯinɯtheɯprojectɯ
corridor.ɯɯɯ

TheɯsedimentɯdistributionɯinɯtheɯPugetɯSoundɯareaɯisɯcomplexɯasɯaɯresultɯofɯ
theɯrepeatedɯglaciations.ɯɯEachɯglaciationɯdepositedɯnewɯsedimentsɯandɯ
partiallyɯerodedɯpreviousɯsediments.ɯɯDuringɯtheɯinterveningɯperiodsɯwhenɯ
glacialɯiceɯwasɯnotɯpresent,ɯnormalɯstreamɯprocesses,ɯwaveɯaction,ɯandɯ
landslidingɯerodedɯandɯreworkedɯsomeɯofɯtheɯglaciallyɯderivedɯsediments,ɯ
furtherɯcomplicatingɯtheɯgeologicɯsettingɯasɯweɯseeɯitɯtoday.ɯɯInɯtheɯprojectɯ
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area,ɯtheɯunconsolidatedɯglacialɯandɯinterglacialɯ(soilsɯdepositedɯinɯbetweenɯ
glacialɯevents)ɯsoilsɯareɯexceptionallyɯthick.ɯɯBoringsɯandɯgeophysicalɯsurveysɯ
indicateɯthatɯapproximatelyɯ1,300ɯtoɯ3,500ɯfeetɯofɯsedimentɯoverlieɯtheɯbedrockɯ
inɯthisɯareaɯ(Yountɯetɯal.ɯ1985).ɯ

BedrockɯisɯonlyɯexposedɯatɯtheɯsurfaceɯinɯaɯfewɯlocationsɯinɯtheɯSeattleɯarea:ɯɯatɯ
AlkiɯPointɯinɯWestɯSeattle;ɯinɯtheɯDuwamishɯValleyɯnearɯBoeingɯField;ɯinɯtheɯ
southernɯportionɯofɯRainierɯValley;ɯandɯatɯSewardɯParkɯinɯsoutheasternɯ
Seattle.ɯɯTheseɯbedrockɯexposuresɯallɯoccurɯsouthɯofɯanɯeastɪwestɯlineɯ
extendingɯfromɯtheɯsouthɯendɯofɯLakeɯSammamishɯonɯtheɯeastɯtoɯBremertonɯ
onɯtheɯwest.ɯɯThisɯlineɯdefinesɯtheɯnorthernmostɯpartɯofɯtheɯSeattleɯFaultɯZone,ɯ
asɯshownɯonɯExhibitɯ4ɪ1,ɯwhichɯconsistsɯofɯseveralɯsubɪparallelɯfaultsɯthatɯ
convergeɯatɯdepthɯtoɯaɯsingleɯmasterɯfault.ɯɯNorthɯofɯtheɯSeattleɯFault,ɯtheɯ
bedrockɯisɯdeeplyɯburiedɯbyɯglacialɯandɯnonɪglacialɯsediments.ɯɯɯ

4.2  Tectonics and Seismicity 
Theɯprojectɯareaɯisɯlocatedɯinɯaɯregionɯwhereɯnumerousɯsmallɯtoɯmoderateɯ
earthquakesɯandɯoccasionalɯstrongɯshocksɯhaveɯoccurredɯinɯrecordedɯhistory.ɯɯ
Muchɯofɯthisɯseismicityɯisɯtheɯresultɯofɯongoingɯrelativeɯmovementɯandɯ
collisionɯbetweenɯtheɯtectonicɯplatesɯthatɯunderlieɯNorthɯAmericaɯandɯtheɯ
PacificɯOcean.ɯɯTheseɯtectonicɯplatesɯincludeɯtheɯJuanɯdeɯFucaɯPlateɯandɯtheɯ
NorthɯAmericanɯPlate,ɯandɯtheɯintersectionɯofɯtheseɯtwoɯplatesɯisɯcalledɯtheɯ
CascadiaɯSubductionɯZone.ɯɯAsɯtheseɯtwoɯplatesɯcollide,ɯtheɯJuanɯdeɯFucaɯPlateɯ
isɯbeingɯdrivenɯnortheast,ɯbeneathɯtheɯNorthɯAmericanɯPlate.ɯɯTheɯactionɯofɯ
oneɯplateɯbeingɯdrivenɯbelowɯanotherɯisɯcalledɯsubduction.ɯɯTheɯrelativeɯ
movementsɯofɯtheseɯplatesɯareɯschematicallyɯshownɯonɯExhibitɯ4ɪ2.ɯɯɯ

Theɯrelativeɯplateɯmovementsɯnotɯonlyɯresultɯinɯeastɪwestɯcompression,ɯbutɯ
alsoɯresultɯinɯshearing,ɯclockwiseɯrotation,ɯandɯnorthɪsouthɯcompressionɯofɯtheɯ
crustalɯblocksɯthatɯformɯtheɯleadingɯedgeɯofɯtheɯNorthɯAmericanɯPlateɯ(Wellsɯ
etɯal.ɯ1998).ɯɯItɯisɯestimatedɯthatɯtheɯcompressionɯrateɯforɯtheseɯblocksɯisɯaboutɯ
0.03ɯtoɯ0.04ɯinchɯperɯyear,ɯandɯmuchɯofɯtheɯcompressionɯmayɯbeɯoccurringɯ
withinɯtheɯmoreɯfractured,ɯnorthernɯWashingtonɯblockɯthatɯunderliesɯtheɯ
PugetɯLowland.ɯɯɯ

Withinɯtheɯpresentɯunderstandingɯofɯtheɯregionalɯtectonicɯframeworkɯandɯ
historicalɯseismicity,ɯthreeɯbroadɯearthquakeɯsourceɯzonesɯareɯidentified.ɯɯ
Theseɯincludeɯaɯshallowɯcrustalɯsourceɯzone,ɯaɯdeepɯsourceɯzoneɯwithinɯtheɯ
portionɯofɯtheɯJuanɯdeɯFucaɯPlateɯsubductedɯbeneathɯtheɯNorthɯAmericanɯ
Plateɯ(deepɯsubcrustalɯzone),ɯandɯanɯinterplateɯzoneɯwhereɯtheɯJuanɯdeɯFucaɯ
andɯNorthɯAmericanɯPlatesɯareɯinɯcontactɯinɯtheɯCascadiaɯSubductionɯZone.ɯɯ
Twoɯofɯtheseɯzones,ɯtheɯshallowɯcrustalɯzoneɯandɯtheɯdeepɯsubcrustalɯzone,ɯ
haveɯproducedɯtheɯregion’sɯhistoricalɯseismicɯactivity.ɯɯɯ
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4.2.1 Shallow Crustal Zone 
Theɯmajorityɯofɯhistoricalɯearthquakesɯhaveɯoccurredɯwithinɯtheɯshallowɯ
crustalɯzoneɯatɯrelativelyɯshallowɯdepthsɯofɯaboutɯ12ɯmilesɯorɯless.ɯɯWithɯtheɯ
exceptionɯofɯtheɯ1872ɯNorthɯCascadesɯearthquake,ɯallɯhistoricalɯshallowɯcrustalɯ
earthquakesɯhaveɯnotɯbeenɯgreaterɯthanɯmagnitudeɯ5.75.ɯɯTheɯNorthɯCascadesɯ
earthquakeɯofɯDecemberɯ15,ɯ1872,ɯisɯtheɯlargestɯhistoricɯshallowɯcrustalɯ
earthquakeɯtoɯhaveɯoccurredɯinɯWashingtonɯandɯisɯestimatedɯtoɯhaveɯbeenɯ
aroundɯmagnitudeɯ±7ɯ(MaloneɯandɯBorɯ1979;ɯBakunɯetɯal.ɯ2002).ɯɯTheɯfaultɯonɯ
whichɯthisɯearthquakeɯoccurredɯhasɯnotɯbeenɯfound.ɯ

AlongɯcrustalɯfaultsɯidentifiedɯbyɯgeologistsɯinɯwesternɯWashington,ɯshallowɯ
crustalɯearthquakesɯhaveɯnotɯtypicallyɯoccurredɯinɯhistoricalɯtimesɯ(aboutɯtheɯ
pastɯ170ɯyears).ɯɯUntilɯtheɯlateɯ1980s,ɯitɯhadɯgenerallyɯbeenɯacceptedɯthatɯ
shallowɯcrustalɯeventsɯwithinɯPugetɯSoundɯwouldɯbeɯrelativelyɯsmallɯandɯ
limitedɯtoɯaɯmaximumɯmagnitudeɯofɯaboutɯ6.0.ɯɯHowever,ɯgeologicɯevidenceɯ
developedɯduringɯtheɯ1990sɯindicatesɯthatɯtheɯpreviouslyɯidentifiedɯ
geophysicalɯlineamentsɯinɯwesternɯWashingtonɯareɯcapableɯofɯproducingɯ
earthquakesɯwithɯmagnitudesɯupɯtoɯ7.5.ɯɯTheɯclosestɯofɯtheseɯgeophysicalɯ
lineamentsɯtoɯtheɯsiteɯisɯtheɯSeattleɯFaultɯ(orɯSeattleɯFaultɯZone),ɯwhichɯisɯ
locatedɯatɯtheɯsouthɯendɯofɯtheɯproject.ɯɯTheɯtwoɯmostɯnorthernɯsplaysɯ(surfaceɯ
faultsɯthatɯconnectɯtoɯaɯsingleɯmasterɯfaultɯatɯdepth)ɯofɯtheɯSeattleɯFaultɯZoneɯ
areɯshownɯonɯExhibitɯ4ɪ1.ɯɯWhileɯnoɯlargeɯhistoricɯearthquakesɯhaveɯoccurredɯ
inɯthisɯfaultɯzone,ɯgeologicɯstudiesɯhaveɯshownɯitɯisɯanɯactiveɯfault,ɯwithɯtheɯ
mostɯrecentɯlargeɯeventɯ(estimatedɯatɯmagnitudeɯ7)ɯoccurringɯapproximatelyɯ
1,100ɯyearsɯagoɯ(e.g.,ɯAtwaterɯandɯMooreɯ1992;ɯBucknamɯetɯal.ɯ1992;ɯJacobyɯetɯ
al.ɯ1992;ɯKarlinɯandɯAbellaɯ1992;ɯSchusterɯetɯal.ɯ1992;ɯPrattɯetɯal.ɯ1997;ɯJohnsonɯ
etɯal.ɯ1999;ɯBrocherɯetɯal.ɯ2001).ɯ

4.2.2 Deep Subcrustal Zone in the Juan de Fuca Plate 
Theɯlargestɯhistoricɯearthquakesɯtoɯaffectɯtheɯsiteɯwereɯlocatedɯinɯtheɯ
subductedɯJuanɯdeɯFucaɯPlateɯ(deepɯsubcrustalɯzone)ɯatɯdepthsɯofɯ32ɯmilesɯorɯ
greater.ɯɯTheseɯeventsɯincludeɯtheɯmagnitudeɯ7.1ɯearthquakeɯofɯAprilɯ13,ɯ1949,ɯ
theɯmagnitudeɯ6.5ɯSeattleɪTacomaɯearthquakeɯofɯAprilɯ29,ɯ1965,ɯandɯtheɯrecentɯ
magnitudeɯ6.8ɯNisquallyɯearthquakeɯofɯFebruaryɯ28,ɯ2001.ɯɯEarthquakesɯ
generatedɯfromɯtheɯintraslabɯzoneɯareɯlikelyɯcausedɯbyɯdeformationɯandɯ
breakupɯofɯtheɯsubductingɯJuanɯdeɯFucaɯPlateɯbeneathɯtheɯNorthɯAmericanɯ
Plate.ɯɯɯ

4.2.3 Interplate Zone 
WithinɯtheɯCascadiaɯSubductionɯZone,ɯtheɯinterfaceɯbetweenɯtheɯJuanɯdeɯFucaɯ
PlateɯandɯtheɯNorthɯAmericanɯPlateɯhasɯbeenɯidentifiedɯasɯcapableɯofɯ
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producingɯveryɯlargeɯinterplateɯearthquakes.ɯɯTheɯinterplateɯsourceɯisɯ
identifiedɯasɯtheɯ“subductionɯthrustɯfault”ɯinɯExhibitɯ4ɪ2.ɯɯNoɯlargeɯinterplateɯ
earthquakesɯhaveɯoccurredɯinɯthisɯzoneɯduringɯrecordedɯhistoricɯtimesɯ(aboutɯ
theɯpastɯ170ɯyears).ɯɯHowever,ɯanɯearthquakeɪgeneratedɯtsunamiɯwaveɯthatɯhitɯ
Japanɯinɯtheɯyearɯ1700ɯisɯbelievedɯtoɯhaveɯbeenɯgeneratedɯfromɯaɯmagnitudeɯ9ɯ
earthquakeɯonɯtheɯCascadiaɯSubductionɯZone.ɯɯRecentɯgeologicɯevidenceɯ
suggestsɯthatɯtheɯcoastalɯestuariesɯhaveɯexperiencedɯrapidɯsubsidenceɯatɯ
variousɯtimesɯwithinɯtheɯlastɯ2,000ɯyearsɯandɯthatɯthisɯsubsidenceɯmayɯhaveɯ
beenɯtheɯresultɯofɯaɯlargeɯearthquakeɯthatɯoccurredɯonɯtheɯCascadiaɯ
SubductionɯZoneɯinterfaceɯ(e.g.,ɯAtwaterɯ1987,ɯ1992;ɯGrantɯ1989;ɯDarienzoɯandɯ
Petersonɯ1990;ɯClarkeɯandɯCarver,ɯ1992;ɯAtwaterɯandɯHemphillɪHaleyɯ1997).ɯɯ
OtherɯevidenceɯofɯlargeɯearthquakesɯalongɯtheɯCascadiaɯSubductionɯZoneɯ
includesɯtheɯfollowing:ɯ

¶ Theɯpresenceɯofɯsubmarineɯlandslideɯdepositsɯinɯdeepɪseaɯchannelsɯoffɯ
theɯcoastɯofɯWashingtonɯandɯOregonɯ(Adamsɯ1996).ɯ

¶ TheɯpresenceɯofɯburiedɯsoilsɯatɯHumboltɯBayɯ(ClarkeɯandɯCarverɯ1992)ɯ
andɯinɯnorthernɯOregonɯ(DarienzoɯandɯPetersonɯ1995;ɯPetersonɯandɯ
Darienzoɯ1996).ɯ

¶ InterbeddedɯpeatɯandɯmudɯatɯCoosɯBay,ɯOregonɯ(Nelsonɯetɯal.ɯ1996).ɯ
¶ BuriedɯscarpsɯnearɯWillapaɯBayɯ(Meyersɯetɯal.ɯ1996).ɯ
¶ BuriedɯsoilsɯatɯGraysɯHarborɯ(Shennanɯetɯal.ɯ1996).ɯɯɯ

Takenɯtogether,ɯtheseɯdifferentɯobservationsɯrepresentɯstrongɯevidenceɯthatɯ
theɯCascadiaɯSubductionɯZoneɯhasɯproduced,ɯandɯremainsɯcapableɯofɯ
producing,ɯstrongɯearthquakes.ɯɯWorkɯtoɯdateɯsuggestsɯthatɯearthquakeɯ
magnitudesɯmayɯrangeɯfromɯ8.0ɯtoɯ9.0ɯandɯmayɯoccurɯatɯtimeɯintervalsɯrangingɯ
fromɯ400ɯtoɯ1,000ɯyears.ɯ

4.3  Site Geology 
TheɯprojectɯcorridorɯisɯsituatedɯinɯtheɯSeattleɯBasin,ɯwhichɯisɯfilledɯwithɯoverɯ
1,500ɯfeetɯofɯglacialɯandɯnonɪglacialɯsedimentsɯoverlyingɯbedrock.ɯɯAɯgeologicɯ
mapɯofɯtheɯsurfaceɯgeologyɯ(whichɯdoesɯnotɯincludeɯsurficialɯgeologicɯunitsɯ
lessɯthanɯaboutɯ5ɯfeetɯthick)ɯisɯpresentedɯonɯExhibitsɯ4ɪ3ɯthroughɯ4ɪ5.ɯɯThisɯ
geologicɯmapɯisɯaɯsurficialɯrepresentationɯofɯsubsurfaceɯconditionsɯandɯisɯfromɯ
manyɯdifferentɯsources.ɯɯTheɯqualityɯofɯtheseɯsourcesɯisɯhighlyɯvariableɯandɯ
therefore,ɯallɯcontactsɯareɯapproximateɯandɯvariationsɯbetweenɯconditionsɯ
depictedɯonɯtheɯmapɯandɯtheɯactualɯconditionsɯmayɯexist.ɯɯAɯsummaryɯ
descriptionɯofɯtheɯgeologicɯunitsɯusedɯonɯtheɯmapɯandɯinɯthisɯdiscussionɯisɯ
presentedɯonɯExhibitɯ4ɪ6.ɯɯɯ
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Exhibit 4-6. Geologic Units and Descriptions 

Unit Name Abbrev. Unit Description (Note 1) 

HOLOCENE UNITS 

Fillɯ Hfɯ Fill,ɯbothɯengineeredɯandɯnonengineeredɯ(seeɯNoteɯ2),ɯplacedɯbyɯ
humans.ɯɯVariousɯmaterials,ɯincludingɯdebrisɯ(timbers,ɯsawdust,ɯ
coalɯslag,ɯtimberɯpiles,ɯrailroadɯconstructionɯdebris,ɯandɯotherɯ
materials);ɯcobblesɯandɯbouldersɯcommon;ɯcommonlyɯdenseɯorɯ
stiffɯifɯengineered,ɯbutɯveryɯlooseɯtoɯdenseɯorɯveryɯsoftɯtoɯstiffɯifɯ
nonengineered.ɯ

HydraulicɯFillɯ Hhfɯ Fillɯplacedɯbyɯdredgingɯfromɯriverɯorɯbayɯorɯsluicedɯintoɯplaceɯ
fromɯadjacentɯhills.ɯɯClayɯandɯSilt,ɯveryɯsoftɯtoɯmediumɯstiffɯ
(fromɯhills);ɯSiltɯandɯfineɯSand;ɯscatteredɯshells;ɯveryɯlooseɯtoɯ
mediumɯdenseɯ(notɯfromɯhills).ɯ

Colluviumɯ Hcɯ Hillsideɯslopeɯaccumulationsɯdueɯtoɯgravityɯemplacement.ɯ
Disturbed,ɯheterogeneousɯmixtureɯofɯseveralɯsoilɯtypes,ɯ
includingɯorganicɯdebris;ɯlooseɯorɯsoft.ɯ

Landslideɯ
Depositsɯ

Hlsɯ Depositsɯofɯlandslides,ɯnormallyɯatɯandɯadjacentɯtoɯtheɯtoeɯofɯ
slopes.ɯɯDisturbed,ɯheterogeneousɯmixtureɯofɯseveralɯsoilɯtypes;ɯ
looseɯorɯsoft,ɯwithɯrandomɯdenseɯorɯhardɯpockets.ɯ

Alluviumɯ Haɯ Riverɯorɯcreekɯdeposits,ɯnormallyɯassociatedɯwithɯhistoricɯ
streams,ɯincludingɯoverbankɯdeposits.ɯɯSand,ɯsiltyɯSand,ɯgravellyɯ
Sand;ɯveryɯlooseɯtoɯveryɯdense.ɯ

PeatɯDepositsɯ Hpɯ Depressionɯfillingsɯofɯorganicɯmaterials.ɯɯPeat,ɯpeatyɯSilt,ɯorganicɯ
Silt;ɯveryɯsoftɯtoɯmediumɯstiff.ɯ

Estuarineɯ
Depositsɯ

Heɯ EstuaryɯdepositsɯofɯtheɯancestralɯDuwamishɯRiver.ɯɯSiltyɯClayɯ
andɯfineɯSand;ɯveryɯsoftɯtoɯstiffɯorɯlooseɯtoɯdense.ɯ

BeachɯDepositsɯ Hbɯ DepositsɯalongɯpresentɯandɯformerɯshorelinesɯofɯPugetɯSoundɯ
andɯtributaryɯriverɯmouths.ɯɯSiltyɯSand,ɯsandyɯGravel;ɯSand;ɯ
scatteredɯfineɯgravel,ɯorganicɯandɯshellɯdebris;ɯlooseɯtoɯveryɯ
dense.ɯ

ReworkedɯGlacialɯ
Depositsɯ

Hrwɯ Glaciallyɯdepositedɯsoilsɯthatɯhaveɯbeenɯreworkedɯbyɯfluvialɯorɯ
waveɯaction.ɯɯHeterogeneousɯmixtureɯofɯseveralɯsoilɯtypes;ɯliesɯ
overɯglaciallyɯoverriddenɯsoils;ɯlooseɯtoɯdense.ɯ

VASHON UNITS 

Recessionalɯ
Outwashɯ

Qvroɯ Glaciofluvialɯsedimentɯdepositedɯasɯglacialɯiceɯretreated.ɯ
CleanɯtoɯsiltyɯSand,ɯgravellyɯSand,ɯsandyɯGravel;ɯcobblesɯandɯ
bouldersɯcommon;ɯlooseɯtoɯveryɯdense.ɯ
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Unit Name Abbrev. Unit Description (Note 1) 

Recessionalɯ
Lacustrineɯ
Depositsɯ

Qvrlɯ Glaciolacustrineɯsedimentɯdepositedɯasɯglacialɯiceɯretreated.ɯ
FineɯSand,ɯSilt,ɯandɯClay;ɯdenseɯtoɯveryɯdense,ɯsoftɯtoɯhard.ɯ

Tillɯ Qvtɯ Lodgmentɯtillɯlaidɯdownɯalongɯtheɯbaseɯofɯtheɯglacialɯice.ɯ
GravellyɯsiltyɯSand,ɯsiltyɯgravellyɯSandɯ(hardpan);ɯcobblesɯandɯ
bouldersɯcommon;ɯveryɯdense.ɯ

TillɪlikeɯDepositsɯ
(Diamict)ɯ

Qvdɯ Glacialɯdepositɯintermediateɯbetweenɯtillɯandɯoutwash,ɯ
subglaciallyɯreworked.ɯɯSiltyɯgravellyɯSand,ɯsiltyɯSand,ɯsandyɯ
Gravel;ɯhighlyɯvariableɯoverɯshortɯdistances;ɯcobblesɯandɯ
bouldersɯcommon;ɯdenseɯtoɯveryɯdense.ɯ

Advanceɯ
Outwashɯ

Qvaɯ Glaciofluvialɯsedimentɯdepositedɯasɯtheɯglacialɯiceɯadvancedɯ
throughɯtheɯPugetɯLowland.ɯɯCleanɯtoɯsiltyɯSand,ɯgravellyɯSand,ɯ
sandyɯGravel;ɯdenseɯtoɯveryɯdense.ɯ

Glaciolacustrineɯ
Depositsɯ

Qvglɯ FineɪgrainedɯglacialɯflourɯdepositedɯinɯproglacialɯlakeɯinɯPugetɯ
Lowland.ɯɯSiltyɯClay,ɯclayeyɯSiltɯwithɯinterbedsɯofɯSiltɯandɯfineɯ
Sand;ɯlocallyɯlaminated;ɯscatteredɯorganicɯfragmentsɯnearɯbase;ɯ
hardɯorɯdenseɯtoɯveryɯdense.ɯ

PRE-VASHON UNITS 

NONGLACIAL 

FluvialɯDepositsɯ Qpnfɯ Alluvialɯdepositsɯofɯriversɯandɯcreeks.ɯɯCleanɯtoɯsiltyɯSand,ɯ
gravellyɯSand,ɯsandyɯGravel,ɯlocallyɯslightlyɯclayeyɯtoɯclayeyɯ
(weathered);ɯscatteredɯorganics;ɯveryɯdense.ɯ

Lacustrineɯ
Depositsɯ

Qpnlɯ Fineɪgrainedɯlakeɯdepositsɯinɯdepressions,ɯlargeɯandɯsmall.ɯ
FineɯsandyɯSilt,ɯsiltyɯfineɯSand,ɯandɯclayeyɯSilt;ɯscatteredɯtoɯ
abundantɯfineɯorganics;ɯdenseɯtoɯveryɯdenseɯorɯveryɯstiffɯtoɯhard.

Mudflowɯ
Depositsɯ

Qpnmɯ Distalɯdepositsɯofɯmassɯmovementsɯsuchɯasɯlandslidesɯorɯlahars.ɯɯ
Stratifiedɯorɯirregularɯbodiesɯofɯaɯheterogeneousɯmixtureɯofɯ
Gravel,ɯSand,ɯSilt,ɯandɯClay;ɯpumice,ɯobsidian,ɯandɯashɯcommon;ɯ
rareɯorganicsɯ(charcoal);ɯveryɯstiffɯtoɯhardɯorɯveryɯdense.ɯ

PeatɯDepositsɯ Qpnpɯ Depressionɯfillingsɯofɯorganicɯmaterials.ɯɯPeat,ɯpeatyɯSilt,ɯorganicɯ
Silt,ɯhard.ɯ

Paleosolɯ Qpnsɯ Buried,ɯweatheredɯhorizon.ɯɯClayɪrichɯwithɯvariousɯamountsɯofɯ
clasticɯdebris;ɯcommonlyɯcontainsɯorganicɯmaterial;ɯtypicallyɯ
greenishɯinɯcolor;ɯhardɯorɯveryɯdense.ɯ

Landslideɯ
Depositsɯ

Qplsɯ Heterogeneousɯdepositsɯofɯlandslideɯdebris.ɯɯChaoticallyɯbeddedɯ
silt,ɯsand,ɯclay,ɯandɯgravel;ɯmayɯcontainɯwoodɯandɯotherɯ
organics;ɯhardɯorɯveryɯdense.ɯ
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Unit Name Abbrev. Unit Description (Note 1) 

GLACIAL 

Outwashɯ Qpgoɯ Glaciofluvialɯsedimentɯdepositedɯasɯtheɯglacialɯiceɯadvancedɯ
throughɯtheɯPugetɯLowland.ɯɯCleanɯtoɯsiltyɯSand,ɯgravellyɯSand,ɯ
sandyɯGravel;ɯveryɯdense.ɯ

Glaciolacustrineɯ
Depositsɯ

Qpglɯ FineɪgrainedɯglacialɯflourɯdepositedɯinɯproglacialɯlakeɯinɯPugetɯ
Lowland.ɯɯSiltyɯClay,ɯclayeyɯSiltɯwithɯinterbedsɯofɯSiltɯandɯfineɯ
Sand;ɯveryɯstiffɯtoɯhardɯorɯveryɯdense.ɯ

Tillɯ Qpgtɯ Lodgmentɯtillɯlaidɯdownɯalongɯtheɯbaseɯofɯtheɯglacialɯice.ɯ
GravellyɯsiltyɯSand,ɯsiltyɯgravellyɯSandɯ(hardpan);ɯcobblesɯandɯ
bouldersɯcommon;ɯveryɯdense.ɯ

TillɪlikeɯDepositsɯ
(Diamict)ɯ

Qpgdɯ Glacialɯdepositɯintermediateɯbetweenɯtillɯandɯoutwash,ɯ
subglaciallyɯreworked.ɯɯSiltyɯgravellyɯSand,ɯsiltyɯSand,ɯsandyɯ
Gravel;ɯhighlyɯvariableɯoverɯshortɯdistances;ɯcobblesɯandɯ
bouldersɯcommon;ɯveryɯdense.ɯ

Glaciomarineɯ
Depositsɯ

Qpgmɯ Tillɪlikeɯdepositɯwithɯclayeyɯmatrixɯdepositedɯinɯproglacialɯlakeɯ
byɯicebergs,ɯfloatingɯice,ɯandɯgravityɯcurrents.ɯɯHeterogeneousɯ
andɯvariableɯmixtureɯofɯClay,ɯSilt,ɯSand,ɯandɯGravel;ɯrareɯshells;ɯ
cobblesɯandɯbouldersɯcommon;ɯveryɯdenseɯorɯhard.ɯ

ɯ ɯ ɯ
ɯ NOTE:ɯ 1. Theɯgeologicɯunitsɯareɯinterpretiveɯandɯbasedɯonɯourɯopinionɯofɯtheɯgroupingɯofɯcomplexɯ

sedimentsɯandɯsoilɯtypesɯintoɯunitsɯappropriateɯforɯtheɯproject.ɯɯTheɯdescriptionɯofɯeachɯgeologicɯ
unitɯincludesɯonlyɯgeneralɯinformationɯregardingɯtheɯenvironmentɯofɯdepositionɯandɯbasicɯsoilɯ
characteristics.ɯɯForɯexample,ɯcobblesɯandɯbouldersɯareɯonlyɯincludedɯinɯtheɯdescriptionɯofɯthoseɯ
unitsɯwhereɯtheyɯareɯmostɯprominent.ɯɯɯ

2. Engineeredɯfillɯassumesɯqualityɯcontrolɯduringɯplacementɯusingɯspecifiedɯcompactionɯcriteria,ɯ
includingɯfieldɯdensityɯtesting,ɯselectɯfillɯmaterials,ɯmoistureɯconditioning,ɯappropriateɯ
compactionɯequipment,ɯandɯproperɯliftɯthicknesses.ɯɯNonengineeredɯfillɯisɯtypicallyɯlooselyɯ
dumpedɯorɯhydraulicallyɯplacedɯwithɯlittleɯorɯnoɯqualityɯcontrol.ɯɯɯ

Aɯmapɯshowingɯtheɯelevationɯofɯtheɯtopɯofɯtheɯglaciallyɯconsolidatedɯsoilsɯisɯ
presentedɯonɯExhibitɯ4ɪ7.ɯɯTheɯglacialɯdepositsɯareɯoverlainɯbyɯaɯthickɯsequenceɯ
ofɯveryɯlooseɯtoɯdenseɯorɯveryɯsoftɯtoɯveryɯstiffɯsoilsɯinɯtheɯDuwamishɯdeltaɯ
andɯtoɯtheɯnorthɯalongɯtheɯwaterfront.ɯɯTheseɯmaterialsɯwereɯdepositedɯafterɯ
theɯretreatɯofɯtheɯlastɯglacierɯinɯtheɯSeattleɯareaɯandɯincludeɯbeach,ɯalluvial,ɯ
estuarine,ɯlandslide,ɯandɯfillɯdeposits.ɯɯTheseɯdepositsɯareɯatɯleastɯ250ɯfeetɯthickɯ
toɯtheɯsouthɯofɯS.ɯHolgateɯStreetɯandɯareɯfoundɯtoɯdepthsɯofɯ30ɯtoɯ70ɯfeetɯnorthɯ
ofɯS.ɯKingɯStreet.ɯɯɯ

ɯ
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Beachɯdepositsɯbeganɯtoɯaccumulateɯaboutɯ5,000ɯyearsɯagoɯwhenɯtheɯseaɯlevelɯ
reachedɯitsɯapproximateɯpresentɯelevation.ɯɯTheseɯsedimentsɯwereɯreworkedɯ
andɯthenɯoverlainɯbyɯalluvialɯdepositsɯfromɯtheɯDuwamishɯRiverɯandɯ
landslideɯdebrisɯfromɯhigherɯgroundɯtoɯtheɯeastɯofɯtheɯshoreline.ɯɯInɯsomeɯ
areas,ɯtheseɯdepositsɯwereɯalsoɯinterbeddedɯwithɯeachɯotherɯ(alternatingɯ
thicknessesɯofɯbeach,ɯalluvial,ɯandɯlandslideɯdeposits).ɯɯɯ

Duringɯtheɯlastɯcentury,ɯfillɯmaterialɯwasɯplacedɯpriorɯtoɯandɯafterɯconstructionɯ
ofɯtheɯAlaskanɯWayɯSeawallɯtoɯdepthsɯofɯ5ɯtoɯ50ɯfeetɯalongɯE.ɯMarginalɯWayɯ
andɯtheɯPortɯofɯSeattleɯfacilitiesɯtoɯtheɯsouthɯandɯtoɯdepthsɯofɯ10ɯtoɯ40ɯfeetɯ
alongɯtheɯwaterfront.ɯɯFillɯalsoɯexistsɯwestɯofɯtheɯSeawall.ɯɯAɯlargeɯvolumeɯofɯ
unconsolidatedɯmaterialɯexistsɯinɯtheɯvicinityɯofɯPierɯ66ɯbetweenɯBroadɯandɯ
LenoraɯStreets.ɯɯThisɯmaterialɯwasɯreportedlyɯplacedɯinɯthisɯareaɯduringɯtheɯ
historicɯBelltown/DennyɯRegradeɯprojectɯinɯtheɯearlyɯ20thɯcentury.ɯɯMuchɯofɯ
theɯshallowɯsoilɯalongɯtheɯsouthernɯportionɯofɯtheɯprojectɯcorridorɯwasɯsoilɯ
thatɯwasɯdredgedɯfromɯtheɯDuwamishɯWaterwayɯandɯhydraulicallyɯplacedɯ
(placedɯbyɯusingɯwater).ɯ

OnɯtheɯhillsidesɯeastɯofɯtheɯprojectɯareaɯandɯsouthɯofɯtheɯSeattleɯCenter,ɯaɯ
complexɯseriesɯofɯglaciallyɯoverriddenɯsoilɯ(soilsɯthatɯwereɯcompactedɯbyɯtheɯ
weightɯofɯoverridingɯglacialɯice)ɯlayersɯareɯpresent.ɯɯTheseɯsoilsɯwereɯ
depositedɯduringɯglacialɯeventsɯandɯduringɯinterglacialɯperiodsɯ(periodsɯ
whereɯnoɯglaciersɯwereɯpresent)ɯthatɯwereɯsimilarɯtoɯtheɯpresentɪdayɯ
environment.ɯɯTheseɯglaciallyɯoverriddenɯsoilsɯalsoɯunderlieɯtheɯyounger,ɯ
relativelyɯlooseɯandɯsoft,ɯpostɪglacialɯsoilsɯthatɯwereɯdepositedɯalongɯtheɯ
waterfrontɯandɯDuwamishɯRiverɯdelta.ɯɯPortionsɯofɯtheɯalignmentɯareɯlocatedɯ
withinɯtheɯDennyɯRegrade,ɯwhereɯmuchɯofɯtheɯpostɪglacialɯsoilɯwasɯremovedɯ
duringɯtheɯearlyɯ20thɯcentury.ɯɯOnɯtheɯeasternɯsideɯofɯtheɯRegrade,ɯrelativelyɯ
softɯpostɪglacialɯsoilsɯareɯpresentɯinɯtheɯswaleɯthatɯoccupiedɯtheɯgroundɯ
betweenɯDennyɯandɯQueenɯAnneɯHills.ɯɯOnɯtheɯwesternɯside,ɯsomeɯofɯtheɯsoilsɯ
haveɯbeenɯdisturbedɯbyɯlandslidingɯalongɯtheɯsteepɯslopesɯthatɯdefinedɯtheɯ
shorelineɯbeforeɯfillɯwasɯplacedɯinɯtheɯlowɪlyingɯareas.ɯ

4.4  Geologic Hazards 
Geologicallyɯhazardousɯareasɯareɯdefinedɯasɯareasɯthat—becauseɯofɯtheirɯ
susceptibilityɯtoɯerosion,ɯlandslides,ɯearthquakesɯ(faulting,ɯliquefaction,ɯ
groundɯshaking,ɯetc.),ɯorɯotherɯgeologicɯevents—areɯnotɯsuitedɯforɯ
developmentɯconsistentɯwithɯpublicɯhealthɯandɯsafetyɯconcerns.ɯɯWashingtonɯ
State’sɯGrowthɯManagementɯActɯ(Chapterɯ36.70AɯRCW)ɯrequiresɯallɯcitiesɯandɯ
countiesɯtoɯidentifyɯgeologicallyɯhazardousɯareasɯwithinɯtheirɯjurisdictionsɯ
andɯformulateɯdevelopmentɯregulationsɯforɯtheirɯprotection.ɯ
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TheɯCityɯofɯSeattleɯhasɯdevelopedɯRegulationsɯforɯEnvironmentalɯCriticalɯ
Areasɯandɯaccompanyingɯmapsɯ(CityɯofɯSeattleɯ2002).ɯɯTheseɯregulationsɯ
requireɯthatɯdetailedɯgeotechnicalɯstudiesɯbeɯpreparedɯtoɯaddressɯspecificɯ
standardsɯrelatingɯtoɯsiteɯgeologyɯandɯsoils,ɯseismicɯhazards,ɯandɯfacilityɯ
design.ɯɯTheɯfollowingɯsectionsɯsummarizeɯtheɯgeologicɯhazardɯtypesɯthatɯmayɯ
beɯanticipatedɯwithinɯtheɯprojectɯcorridor.ɯɯItɯshouldɯbeɯnotedɯthatɯmanyɯofɯ
theseɯhazardsɯareɯinterrelated.ɯ

4.4.1 Landsliding 
TheɯCityɯofɯSeattleɯhasɯidentifiedɯlandslideɪproneɯareasɯthatɯincludeɯsteepɯ
slopes,ɯknownɯlandslideɯareas,ɯandɯareasɯwithɯlandslideɯpotentialɯbecauseɯofɯ
geologicɯconditions.ɯɯSteepɯslopesɯareɯdefinedɯbyɯtheɯCityɯofɯSeattleɯasɯslopesɯ
steeperɯthanɯanɯaverageɯofɯ40ɯpercentɯandɯwithɯatɯleastɯ10ɯfeetɯofɯverticalɯ
change.ɯɯTheɯonlyɯsteepɯslopesɯalongɯtheɯprojectɯalignmentɯareɯonɯtheɯeasternɯ
sideɯofɯtheɯBurlingtonɯNorthernɯSantaɯFeɯ(BNSF)ɯrailroadɯtracks,ɯbetweenɯ
VirginiaɯStreetɯandɯBellɯStreet.ɯɯTheɯsteeperɯpartsɯofɯtheɯslopesɯinɯthisɯareaɯ
rangeɯfromɯaboutɯ50ɯtoɯ100ɯpercent.ɯɯInɯtheɯpastɯfewɯyears,ɯseveralɯsmallɯ
shallowɯlandslidesɯhaveɯoccurredɯonɯthisɯslope.ɯɯTheyɯareɯtypicallyɯ1ɯtoɯ3ɯfeetɯ
deepɯandɯareɯgenerallyɯ10ɯtoɯ30ɯfeetɯwide.ɯɯNoɯrecentɯdeepɪseatedɯlandslidesɯ
haveɯbeenɯobservedɯinɯthisɯarea.ɯɯDuringɯaɯseismicɯevent,ɯincreasedɯshallowɯ
landslidingɯmayɯoccur.ɯɯInɯaddition,ɯtheɯfillɯmaterialsɯplacedɯwestɯofɯtheɯ
SeawallɯinɯtheɯvicinityɯofɯPierɯ66ɯmayɯalsoɯexperienceɯlandslidingɯduringɯaɯ
seismicɯevent.ɯɯɯ

4.4.2 Erosion 
Theɯprojectɯareaɯisɯprimarilyɯclassifiedɯasɯurbanɯdevelopmentɯandɯisɯthereforeɯ
notɯanɯerosionɯhazardɯarea.ɯɯHowever,ɯtheɯsteepɯslopesɯlocatedɯalongɯtheɯeastɯ
sideɯofɯtheɯBNSFɯrailroadɯtracksɯbetweenɯVirginiaɯStreetɯandɯBellɯStreetɯhaveɯ
experiencedɯsurfaceɯerosionɯandɯgullyɯdevelopmentɯunderɯconditionsɯofɯ
significantɯrunoff.ɯ

4.4.3 Fault Rupture 
TheɯsouthernɯendɯofɯtheɯprojectɯareaɯisɯlocatedɯwithinɯtheɯSeattleɯFaultɯZone.ɯɯ
TheɯSeattleɯFaultɯisɯbelievedɯtoɯbeɯaɯthrustɯorɯreverseɯfault,ɯwithɯtheɯbedrockɯ
southɯofɯtheɯfaultɯbeingɯshovedɯupɯandɯoverɯtheɯbedrockɯandɯsoilɯtoɯtheɯnorthɯ
ofɯtheɯfault.ɯɯWithinɯaɯfewɯmilesɯofɯtheɯgroundɯsurface,ɯtheɯfaultɯbreaksɯup,ɯ
creatingɯaɯnumberɯofɯruptureɯsurfacesɯorɯsplaysɯatɯtheɯgroundɯsurface.ɯɯTheɯ
widthɯofɯtheɯruptureɯzoneɯatɯtheɯgroundɯsurfaceɯisɯapproximatelyɯ2ɯtoɯ4ɯmilesɯ
wide,ɯnorthɯtoɯsouthɯ(Johnsonɯetɯal.ɯ1999).ɯɯTheɯfaultɯzoneɯextendsɯfromɯtheɯ
KitsapɯPeninsulaɯnearɯBremertonɯonɯtheɯwestɯtoɯtheɯSammamishɯPlateauɯonɯ



SRɯ99:ɯAlaskanɯWayɯViaductɯ&ɯSeawallɯReplacementɯProjectɯ Marchɯ2004ɯ
GeologyɯandɯSoilsɯTechnicalɯMemorandumɯ 27ɯɯ
DraftɯEISɯ

theɯeast.ɯɯExhibitɯ4ɪ1ɯshowsɯtheɯlocationɯofɯtheɯtwoɯmostɯnorthernɯsplaysɯ
withinɯtheɯprojectɯarea.ɯɯɯ

Geologicɯevidenceɯgatheredɯoverɯtheɯlastɯ10ɯyearsɯsuggestsɯthatɯsurfaceɯ
ruptureɯofɯthisɯfaultɯzoneɯoccurredɯasɯrecentlyɯasɯ1,100ɯyearsɯagoɯwithɯasɯmuchɯ
asɯ22ɯfeetɯofɯverticalɯdisplacementɯ(Bucknamɯetɯal.ɯ1992).ɯɯRecentɯtrenchesɯ
excavatedɯalongɯtheɯfaultɯlocationsɯindicateɯthatɯthereɯhaveɯbeenɯaboutɯthreeɯ
eventsɯwhereɯtheɯsurfaceɯwasɯrupturedɯinɯtheɯpastɯ10,000ɯyearsɯ(Nelsonɯetɯal.ɯ
2000).ɯɯConsequently,ɯtheɯrecurrenceɯofɯsurfaceɯfaultɯruptureɯwithinɯtheɯzoneɯ
appearsɯtoɯbeɯonɯtheɯorderɯofɯthousandsɯofɯyears.ɯɯAlso,ɯfaultɯsplaysɯinɯtheɯ
northernɯportionɯofɯtheɯzoneɯappearɯtoɯbeɯtheɯmostɯrecentlyɯactiveɯandɯcapableɯ
ofɯrupturingɯtheɯgroundɯsurface,ɯresultingɯinɯseveralɯfeetɯofɯverticalɯoffset.ɯ

4.4.4 Liquefaction 
Soilɯliquefactionɯoccursɯinɯloose,ɯsaturated,ɯsandyɯsoilɯwhenɯtheɯwaterɯ
pressureɯinɯtheɯporeɯspacesɯincreasesɯtoɯaɯlevelɯthatɯisɯsufficientɯtoɯseparateɯtheɯ
soilɯgrainsɯfromɯeachɯother.ɯɯThisɯphenomenonɯoccursɯduringɯgroundɯshakingɯ
andɯresultsɯinɯaɯreductionɯofɯtheɯshearɯstrengthɯofɯtheɯsoilɯ(aɯquicksandɪlikeɯ
condition).ɯɯTheɯreductionɯinɯstrengthɯdependsɯonɯtheɯdegreeɯandɯextentɯofɯtheɯ
liquefaction.ɯɯLiquefactionɯcanɯresultɯinɯgroundɯsettlement,ɯlateralɯspreadingɯ
(lateralɯgroundɯmovementɯonɯgentleɯslopes),ɯlandsliding,ɯlocalizedɯgroundɯ
disruptionsɯfromɯsandɯboilsɯ(ejectionɯofɯsandɯandɯwaterɯatɯtheɯgroundɯsurface),ɯ
andɯreducedɯverticalɯandɯlateralɯcapacityɯforɯstructureɯfoundations.ɯɯBuildings,ɯ
bridges,ɯandɯotherɯstructuresɯfoundedɯonɯorɯinɯtheɯliquefiedɯsoilsɯmayɯsettle,ɯ
tilt,ɯmoveɯlaterally,ɯorɯcollapse.ɯɯTheɯdegreeɯofɯliquefactionɯdependsɯonɯtheɯ
consistencyɯandɯdensityɯofɯtheɯsoil,ɯtheɯgrainɪsizeɯdistributionɯofɯtheɯsoil,ɯandɯ
theɯmagnitudeɯofɯtheɯseismicɯevent.ɯɯSettlementɯcouldɯalsoɯresultɯfromɯpartialɯ
liquefactionɯand/orɯdensificationɯofɯunsaturatedɯsand.ɯɯɯ

Geologicɯunitsɯinɯtheɯprojectɯareaɯthatɯtypicallyɯhaveɯaɯhighɯsusceptibilityɯtoɯ
liquefactionɯincludeɯtheɯrecentɯalluvialɯandɯbeachɯdepositsɯandɯnonengineeredɯ
fills.ɯɯTheseɯdepositsɯareɯprimarilyɯlocatedɯinɯtheɯsouthernɯportionɯofɯtheɯ
projectɯcorridorɯandɯalongɯtheɯwaterfront.ɯɯLiquefactionɯstudiesɯinɯtheɯPugetɯ
Soundɯregionɯhaveɯfoundɯthatɯglaciallyɯoverriddenɯdepositsɯhaveɯaɯlowɯ
susceptibilityɯtoɯliquefaction.ɯɯLiquefactionɯhazardɯareasɯhaveɯbeenɯmappedɯ
byɯtheɯCityɯofɯSeattleɯandɯareɯshownɯonɯExhibitɯ4ɪ1.ɯɯLiquefactionɯstudiesɯhaveɯ
alsoɯbeenɯaccomplishedɯforɯthisɯprojectɯusingɯtheɯresultsɯofɯavailableɯ
explorationsɯandɯtheɯboringsɯcompletedɯforɯthisɯprojectɯ(seeɯGeotechnicalɯandɯ
EnvironmentalɯMemorandaɯ[Shannonɯ&ɯWilsonɯ2002b]).ɯɯTheɯresultsɯofɯtheseɯ
studiesɯgenerallyɯconfirmɯtheɯliquefactionɯareasɯshownɯonɯExhibitɯ4ɪ1.ɯɯɯ
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4.4.5 Ground Motion Amplification 
Theɯpresenceɯofɯsoilɯaboveɯbedrockɯcanɯchangeɯtheɯintensityɯofɯgroundɯ
shakingɯfeltɯatɯtheɯgroundɯsurfaceɯfromɯwhatɯwouldɯhaveɯbeenɯfeltɯifɯonlyɯ
bedrockɯwereɯatɯtheɯgroundɯsurface.ɯɯVeryɯsoftɯorɯlooseɯsoilsɯmayɯcauseɯtheɯ
groundɯshakingɯtoɯbeɯamplifiedɯ(greaterɯthanɯthatɯfeltɯonɯrock)ɯorɯattenuatedɯ
(lessɯthanɯthatɯfeltɯonɯrock).ɯɯGroundɯmotionɯamplificationɯmayɯresultɯinɯ
higherɯgroundɯmotionsɯfeltɯbyɯlongɯbridgesɯandɯsimilarɯlongɪperiodɯ
structures.ɯ

Theɯsoilɯconditionsɯinɯtheɯprojectɯareaɯrangeɯfromɯdeep,ɯloose,ɯliquefiableɯ
depositsɯatɯtheɯsouthɯendɯtoɯdeep,ɯglaciallyɯoverridden,ɯsandy,ɯsilty,ɯandɯ
gravellyɯsoilsɯatɯtheɯnorthɯend.ɯɯAtɯtheɯsouthɯendɯofɯtheɯprojectɯarea,ɯtheɯ
potentialɯforɯgroundɯmotionɯamplificationɯvaries.ɯɯForɯsmallɯorɯdistantɯ
earthquakesɯthatɯcauseɯlowɯlevelsɯofɯshaking,ɯtheɯpotentiallyɯliquefiableɯsoilsɯ
areɯlikelyɯtoɯamplifyɯtheɯgroundɯshaking.ɯɯForɯlarge,ɯnearbyɯearthquakesɯthatɯ
causeɯhigherɯlevelsɯofɯshaking,ɯlittleɯamplificationɯorɯevenɯattenuationɯofɯ
higherɪfrequencyɯgroundɯmotionsɯisɯpossibleɯbeforeɯliquefactionɯwillɯoccur.ɯɯ
However,ɯforɯtheɯsameɯnearbyɯearthquake,ɯlowɪfrequencyɯgroundɯmotionsɯatɯ
liquefiableɯsitesɯareɯlikelyɯtoɯbeɯamplified.ɯɯTheɯsoilsɯatɯtheɯnorthɯendɯofɯtheɯ
projectɯareaɯareɯnotɯexpectedɯtoɯamplifyɯearthquakeɯgroundɯmotions.ɯɯɯ

4.4.6 Seiches and Tsunamis 
Seichesɯandɯtsunamisɯareɯshortɪduration,ɯearthquakeɪgeneratedɯwaterɯwaves.ɯɯ
Seichesɯareɯwavesɯthatɯoccurɯinɯenclosedɯbodiesɯofɯwater,ɯandɯtsunamisɯareɯ
wavesɯthatɯoccurɯinɯtheɯopenɯocean.ɯɯTheɯextentɯandɯseverityɯofɯtheseɯwavesɯisɯ
dependentɯuponɯgroundɯmotions,ɯfaultɯoffset,ɯandɯlocation.ɯɯStudiesɯonɯtheseɯ
typesɯofɯwavesɯinɯtheɯPugetɯSoundɯwereɯpresentedɯbyɯtheɯCenterɯforɯTsunamiɯ
InundationɯMappingɯEffortsɯ(Gonzalezɯ2002).ɯɯTheseɯfindingsɯindicatedɯthatɯaɯ
magnitudeɯ7.3ɯtoɯ7.6ɯearthquakeɯcausedɯfromɯruptureɯofɯtheɯSeattleɯFaultɯmayɯ
resultɯinɯaɯwaveɯthatɯwouldɯinundateɯmuchɯofɯtheɯwaterfrontɯinɯexcessɯofɯ6ɯ
feet.ɯɯMostɯofɯtheɯcentralɯandɯsouthernɯportionsɯofɯtheɯviaductɯwouldɯlikelyɯbeɯ
inundatedɯwithɯatɯleastɯ1ɯfootɯofɯwater.ɯ

TsunamisɯgeneratedɯfromɯlargeɯearthquakesɯinɯtheɯPacificɯOceanɯbasinɯwouldɯ
alsoɯlikelyɯresultɯinɯinundationɯofɯtheɯwaterfrontɯandɯviaduct.ɯɯTheseɯstudiesɯ
areɯcurrentlyɯongoing,ɯbutɯseveralɯfeetɯofɯinundationɯalongɯtheɯwaterfrontɯandɯ
viaductɯcorridorɯfromɯaɯtsunamiɯrunɪupɯisɯlikely.ɯɯHistoricɯdataɯfromɯtheɯ1964ɯ
AlaskaɯearthquakeɯinɯPrinceɯWilliamɯSoundɯshowɯaɯtsunamiɯrunɪupɯofɯ0.8ɯfeetɯ
(WilsonɯandɯTorumɯ1972).ɯ
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4.5  Regional Groundwater Systems 
TheɯtwoɯmainɯaquiferɯsystemsɯinɯtheɯSeattleɯareaɯareɯbothɯglaciallyɯoverriddenɯ
alluvialɯdepositsɯcomposedɯofɯcoarseɪgrainedɯsediments,ɯsuchɯasɯsandɯandɯ
gravel,ɯthatɯwereɯdepositedɯbyɯglaciallyɯfedɯstreams.ɯɯTheɯgeologicɯunitɯofɯtheɯ
upperɯaquiferɯisɯknownɯasɯtheɯVashonɯAdvanceɯOutwashɯ(orɯEsperanceɯSand),ɯ
andɯtheɯgeologicɯunitɯofɯtheɯdeeperɯaquiferɯisɯknownɯasɯpreɪVashonɯOutwash.ɯɯ
Bothɯofɯtheseɯgeologicɯunitsɯareɯwidespreadɯthroughoutɯtheɯprojectɯareaɯbutɯ
areɯlocallyɯdiscontinuous.ɯɯSeparatingɯtheseɯaquifersɯareɯfineɪgrainedɯsoilɯ
depositsɯthatɯdoɯnotɯreadilyɯtransmitɯgroundwaterɯandɯthereforeɯimpedeɯtheɯ
verticalɯmovementɯofɯgroundwaterɯbetweenɯtheɯtwoɯaquifers.ɯɯTheseɯfineɪ
grainedɯlayers,ɯwhichɯareɯreferredɯtoɯasɯaquitards,ɯincludeɯtheɯgeologicɯunitɯ
knownɯasɯtheɯVashonɯGlaciolacustrineɯdepositɯ(alsoɯknownɯasɯtheɯLawtonɯ
Clay),ɯnonɪglacialɯlakeɯdeposits,ɯandɯfineɪgrainedɯsediments.ɯɯAsɯwithɯtheɯ
aquiferɯunits,ɯtheseɯaquitardsɯareɯnotɯnecessarilyɯcontinuousɯonɯanɯareawideɯ
basis,ɯandɯwhereɯabsent,ɯtheɯVashonɯAdvanceɯOutwashɯandɯdeeperɯpreɪ
VashonɯOutwashɯaquifersɯareɯinɯdirectɯcontactɯwithɯeachɯother.ɯɯɯ

Inɯadditionɯtoɯtheɯtwoɯmainɯaquifers,ɯseveralɯotherɯnearɪsurfaceɯgeologicɯunitsɯ
mayɯyieldɯsufficientɯwaterɯforɯdomesticɯuse.ɯɯRecentɯalluvialɯsoils,ɯdepositedɯ
byɯmodernɯriversɯandɯstreams,ɯmayɯbeɯaɯlocalɯsourceɯofɯgroundwaterɯ
dependingɯonɯtheɯthicknessɯandɯpermeabilityɯofɯtheɯsoils.ɯɯInɯsomeɯareasɯofɯtheɯ
PugetɯSound,ɯglacialɯoutwashɯsoilsɯthatɯwereɯdepositedɯasɯtheɯglaciersɯwereɯ
recedingɯareɯsufficientlyɯextensiveɯtoɯserveɯasɯaquifers.ɯɯHowever,ɯinɯtheɯ
Seattleɯarea,ɯtheseɯunitsɯareɯgenerallyɯthinɯandɯdiscontinuous,ɯand,ɯalthoughɯ
theseɯdepositsɯmayɯcontainɯwater,ɯtheyɯgenerallyɯareɯinadequateɯinɯextentɯandɯ
qualityɯtoɯbeɯusedɯforɯwaterɯsupply.ɯɯHydraulicɯconnectionɯbetweenɯtheɯnearɯ
surfaceɯalluvialɯorɯglacialɯoutwashɯdepositsɯandɯtheɯunderlyingɯaquifersɯisɯ
oftenɯlimitedɯbyɯtheɯpresenceɯofɯfineɪgrainedɯdeposits,ɯincludingɯlayersɯofɯclayɯ
andɯsilt.ɯ

4.6  Regional Groundwater Flow 
GroundwaterɯflowɯinɯtheɯSeattleɯareaɯisɯgenerallyɯcontrolledɯbyɯtheɯcomplexɯ
distributionɯofɯfineɪɯandɯcoarseɪgrainedɯdeposits,ɯlocalɯtopography,ɯareasɯ
whereɯprecipitationɯprovidesɯrechargeɯtoɯaquifers,ɯandɯareasɯwhereɯ
groundwaterɯdischarges.ɯɯGroundwaterɯrechargeɯtypicallyɯoccursɯinɯtheɯ
uplandɯareasɯofɯSeattle,ɯincludingɯCapitolɯHill,ɯQueenɯAnneɯHill,ɯMagnoliaɯ
Hill,ɯandɯtheɯUniversityɯDistrict.ɯɯGroundwaterɯmovementɯfromɯtheseɯ
rechargeɯareasɯisɯdominantlyɯdownwardɯtowardɯdischargeɯareas,ɯwhichɯareɯ
typicallyɯmajorɯsurfaceɯwaterɯbodiesɯsuchɯasɯLakeɯUnion,ɯLakeɯWashington,ɯ
andɯElliottɯBay.ɯɯɯ
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Theɯdirectionɯofɯgroundwaterɯmovementɯisɯalsoɯcontrolledɯinɯpartɯbyɯtheɯ
abilityɯofɯtheɯsoilɯtoɯtransmitɯwater,ɯwhichɯisɯcalledɯtheɯhydraulicɯconductivityɯ
ofɯtheɯsoil.ɯɯInɯtheɯupperɯpartɯofɯtheɯsoilɯprofile,ɯgroundwaterɯflowɯinɯtheɯ
coarseɪgrainedɯdeposits,ɯsuchɯasɯVashonɯAdvanceɯOutwash,ɯisɯpredominantlyɯ
horizontalɯunderɯwaterɯtableɯconditionsɯandɯmayɯdischargeɯatɯspringsɯorɯseepsɯ
onɯtheɯhillsides.ɯɯTheɯgroundwaterɯinɯtheseɯunitsɯisɯtypicallyɯperchedɯonɯtopɯofɯ
fineɪgrainedɯsoilsɯthatɯdon’tɯreadilyɯtransmitɯgroundwater.ɯɯConsequently,ɯ
whereɯfineɪgrainedɯunitsɯareɯpresent,ɯonlyɯaɯsmallɯportionɯofɯthisɯwaterɯisɯableɯ
toɯmoveɯverticallyɯdownwardɯthroughɯtheɯfineɪgrainedɯunitsɯtoɯtheɯaquiferɯinɯ
theɯunderlyingɯcoarseɪgrainedɯsediments.ɯ

Groundwaterɯflowɯinɯwaterɪbearingɯunitsɯatɯandɯbelowɯseaɯlevelɯisɯprimarilyɯ
governedɯbyɯtheɯhydraulicɯgradientɯ(differenceɯinɯwaterɯlevels)ɯbetweenɯ
groundwaterɯandɯsurfaceɯwaterɯdischargeɯareas,ɯincludingɯLakeɯUnion,ɯLakeɯ
Washington,ɯandɯElliottɯBay.ɯɯTheɯhydraulicɯgradientɯdeterminesɯtheɯpotentialɯ
forɯgroundwaterɯtoɯmoveɯinɯaɯparticularɯdirection,ɯwithɯgroundwaterɯmovingɯ
fromɯhighɯwaterɯlevelsɯtoɯlowɯwaterɯlevels.ɯɯInlandɯofɯtheɯsurfaceɯwaterɯbodiesɯ
listedɯabove,ɯtheɯhydraulicɯgradientsɯareɯtypicallyɯdownward.ɯɯTheɯsurfaceɯ
waterɯbodiesɯareɯinɯturnɯdischargeɯareasɯwithɯgroundwaterɯflowɯgenerallyɯ
upwardɯinɯtheirɯvicinity.ɯɯInɯtheɯSeattleɯarea,ɯLakeɯUnion,ɯLakeɯWashington,ɯ
andɯElliottɯBayɯareɯregionalɯgroundwaterɯdischargeɯareas.ɯ

4.7  Site Groundwater Conditions 
Groundwaterɯconditionsɯinɯtheɯprojectɯareaɯareɯgenerallyɯconsistentɯwithɯtheɯ
regionalɯgroundwaterɯsystems.ɯɯBasedɯonɯvariousɯprojectɯalternatives,ɯtheɯ
projectɯareaɯmayɯbeɯdividedɯintoɯtheɯfollowingɯfiveɯareas:ɯ

¶ Southɯ(S.ɯSpokaneɯStreetɯtoɯS.ɯKingɯStreet):ɯɯthickɯsequencesɯofɯfillɯandɯ
postɪglacialɯalluvialɯandɯestuarineɯdepositsɯareɯpresent.ɯ

¶ Centralɯ(S.ɯKingɯStreetɯtoɯBST):ɯɯgenerallyɯfineɪgrainedɯsoils,ɯ
interspersedɯwithɯthinɯzonesɯofɯcoarseɪgrained,ɯwaterɪbearingɯ
deposits,ɯareɯpresentɯalongɯtheɯwaterfront,ɯandɯaɯhighlyɯvariableɯ
sequenceɯofɯfineɪɯandɯcoarseɪgrainedɯglaciallyɯoverriddenɯsoilsɯisɯ
presentɯinland.ɯ

¶ NorthɯWaterfrontɯ(alongɯwaterfrontɯfromɯPikeɯStreetɯtoɯMyrtleɯ
EdwardsɯPark):ɯɯaɯthickɯsequenceɯofɯcoarseɪgrainedɯalluvialɯdepositsɯ
interspersedɯwithɯthin,ɯdiscontinuousɯlayersɯofɯfineɪgrainedɯsoilsɯisɯ
present.ɯ

¶ Northɯ(BSTɯtoɯWardɯStreet):ɯɯhighlyɯvariableɯsequencesɯofɯfineɪɯandɯ
coarseɪgrainedɯglaciallyɯoverriddenɯsoilsɯareɯpresent.ɯɯ

¶ Seawallɯ(S.ɯKingɯStreetɯtoɯMyrtleɯEdwardsɯPark):ɯɯSimilarɯtoɯnorthɯ
waterfront.ɯ
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4.7.1 South – S. Spokane Street to S. King Street 
Thisɯareaɯisɯunderlainɯbyɯaɯthickɯsequenceɯofɯfill,ɯshallowɯestuarineɯsiltɯandɯ
clay,ɯandɯalluvialɯandɯbeachɯsandɯandɯsiltɯdeposits,ɯwhichɯwereɯdepositedɯ
afterɯglaciation.ɯɯTheseɯdepositsɯrangeɯinɯthicknessɯfromɯaboutɯ50ɯtoɯ200ɯfeetɯinɯ
theɯnorthernɯhalfɯofɯtheɯareaɯtoɯaboutɯ200ɯtoɯ250ɯfeetɯinɯtheɯsouthernɯhalf.ɯɯ
Underlyingɯtheseɯdepositsɯareɯglaciallyɯconsolidated,ɯgenerallyɯfineɪgrainedɯ
deposits.ɯɯInɯtheɯnorthernɯhalfɯofɯtheɯarea,ɯsomeɯcoarseɪgrainedɯdepositsɯareɯ
present.ɯɯɯ

Theɯwaterɯtableɯelevationɯinɯthisɯareaɯisɯessentiallyɯflat,ɯwithɯtheɯdepthɯtoɯ
groundwaterɯrangingɯfromɯapproximatelyɯ6ɯtoɯ8ɯfeetɯbelowɯtheɯgroundɯ
surface,ɯprimarilyɯdueɯtoɯvariationsɯinɯtheɯgroundɯsurfaceɯelevationɯandɯtidalɯ
fluctuations.ɯɯFluctuationsɯinɯtheɯwaterɯtableɯdueɯtoɯtidesɯlikelyɯoccurɯalongɯ
thisɯpartɯofɯtheɯalignment.ɯɯWaterɯlevelsɯinɯtheɯdeeperɯsoilsɯareɯgenerallyɯ
similarɯtoɯtheɯlevelɯofɯtheɯwaterɯtable,ɯindicatingɯthatɯthereɯisɯlittleɯtoɯnoɯ
verticalɯhydraulicɯgradient.ɯɯHowever,ɯtoɯtheɯnorth,ɯwaterɯlevelsɯinɯdeeperɯ
coarseɪgrainedɯsoilsɯareɯnearɯtheɯgroundɯsurface,ɯindicatingɯanɯupwardɯ
hydraulicɯgradientɯinɯthisɯarea.ɯ

Theɯrelativeɯhydraulicɯconductivityɯofɯtheɯsoilsɯoverlyingɯtheɯglaciallyɯ
consolidatedɯdepositsɯisɯgenerallyɯlow,ɯwithɯtheɯexceptionɯofɯlocalɯzonesɯofɯ
alluvialɯandɯbeachɯsandɯdeposits,ɯwhichɯmayɯhaveɯaɯhigherɯhydraulicɯ
conductivity.ɯɯTheɯrelativeɯhydraulicɯconductivityɯofɯtheɯglaciallyɯconsolidatedɯ
soilsɯisɯgenerallyɯlow,ɯexceptɯforɯtheɯcoarseɪgrainedɯdepositsɯtoɯtheɯnorth,ɯ
whichɯhaveɯaɯrelativelyɯhighɯhydraulicɯconductivity.ɯ

GroundwaterɯflowɯinɯthisɯareaɯisɯgenerallyɯhorizontalɯtowardɯElliottɯBay.ɯɯ
Mostɯofɯtheɯgroundwaterɯflowɯoccursɯwithinɯtheɯfillɯmaterial,ɯinɯtheɯcoarserɪ
grainedɯalluvialɯandɯbeachɯdeposits,ɯandɯinɯtheɯcoarseɪgrainedɯglacialɯsoilsɯtoɯ
theɯnorth.ɯɯVerticalɯmovementɯofɯgroundwaterɯisɯlimitedɯbyɯtheɯlackɯofɯverticalɯ
gradientɯ(exceptɯinɯtheɯnorthernɯportionɯofɯthisɯarea)ɯandɯtheɯpresenceɯofɯsiltɯ
andɯclayɯlayers.ɯ

4.7.2 Central – S. King Street to Battery Street Tunnel 
Soilɯconditionsɯalongɯtheɯwaterfrontɯportionɯofɯthisɯareaɯconsistɯofɯ25ɯtoɯ55ɯfeetɯ
ofɯfillɯandɯsedimentsɯdepositedɯafterɯglaciation,ɯoverlyingɯalternatingɯlayersɯofɯ
glaciallyɯoverconsolidated,ɯfineɪgrainedɯsiltɯandɯcoarseɪgrainedɯsandɯandɯ
gravel.ɯɯGroundwaterɯisɯapproximatelyɯ8ɯtoɯ12ɯfeetɯbelowɯgroundɯsurfaceɯ
withinɯtheɯfill,ɯdependingɯmostlyɯonɯtheɯgroundɯsurfaceɯelevationɯandɯtidalɯ
fluctuations.ɯɯTheɯmagnitudeɯofɯtheɯtidalɯfluctuationɯgenerallyɯappearsɯtoɯbeɯaɯ
functionɯofɯtheɯseawallɯtypeɯandɯitsɯintegrity.ɯɯInɯtheɯvicinityɯofɯYeslerɯWayɯ
whereɯtheɯseawallɯisɯaɯpileɪsupportedɯgravityɯsection,ɯtheɯwaterɯtableɯchangesɯ
byɯupɯtoɯ6ɯtoɯ10ɯfeet,ɯinɯnearɯdirectɯresponseɯtoɯtheɯtideɯlevelɯinɯElliottɯBay.ɯɯ
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Withinɯtheɯfill,ɯtheɯhydraulicɯconductivityɯisɯhighlyɯvariableɯasɯaɯresultɯofɯtheɯ
heterogeneousɯnatureɯofɯthisɯdeposit.ɯɯTheɯrelativeɯhydraulicɯconductivityɯofɯ
theɯglaciallyɯoverconsolidatedɯdepositsɯalongɯtheɯwaterfrontɯportionɯofɯthisɯ
areaɯisɯlowɯforɯtheɯfineɪgrainedɯsiltɯandɯhighɯforɯtheɯcoarseɪgrainedɯsandɯandɯ
gravel.ɯɯɯ

Groundwaterɯflowɯinɯtheɯwaterfrontɯportionɯofɯthisɯareaɯoccursɯprimarilyɯinɯ
theɯcoarseɪgrainedɯsandɯandɯgravelɯlayersɯthatɯareɯconfinedɯbyɯoverlyingɯfineɪ
grainedɯsoils.ɯɯInɯgeneral,ɯgroundwaterɯflowɯisɯhorizontalɯtowardɯElliottɯBay.ɯɯ
Groundwaterɯlevelsɯmeasuredɯinɯtheɯdeeperɯcoarseɪgrainedɯsoilsɯshowɯaɯ
responseɯtoɯElliottɯBayɯtidesɯwithɯfluctuationsɯrangingɯfromɯapproximatelyɯ1ɯ
toɯ7ɯfeet.ɯɯAlongɯmostɯofɯthisɯwaterfrontɯarea,ɯthereɯisɯanɯupwardɯhydraulicɯ
gradientɯasɯgroundwaterɯflowsɯtoɯtheɯElliottɯBayɯdischargeɯarea.ɯɯHowever,ɯ
theɯinterveningɯlayersɯofɯfineɪgrainedɯsoilsɯslowɯtheɯverticalɯmovementɯofɯ
groundwaterɯbetweenɯlayers.ɯɯɯ

Groundwaterɯconditionsɯinɯtheɯuplandɯportionɯofɯthisɯareaɯ(generallyɯnorthɯ
andɯeastɯofɯWesternɯAvenueɯorɯFirstɯAvenueɯS.)ɯareɯhighlyɯvariableɯdueɯtoɯtheɯ
interlayeringɯofɯfineɪɯandɯcoarseɪgrainedɯsoils.ɯɯInɯgeneral,ɯcoarseɪgrainedɯ
sandsɯandɯgravelsɯareɯtheɯprimaryɯwaterɪbearingɯunitsɯinɯthisɯarea.ɯɯFineɪ
grainedɯsedimentsɯoverlieɯtheseɯdeposits.ɯɯInɯsomeɯareas,ɯsmallɯzonesɯofɯ
shallowɯgroundwaterɯperchɯonɯtopɯofɯtheɯfineɪgrainedɯsoils.ɯɯBetweenɯandɯ
beneathɯtheseɯperchedɯwaterɪbearingɯzones,ɯtheɯfineɪgrainedɯsoilsɯareɯ
generallyɯunsaturatedɯdownɯtoɯtheɯunderlyingɯwaterɯtableɯaquifer.ɯɯ

Theɯdepthɯtoɯgroundwaterɯinɯtheɯuplandɯportionɯofɯthisɯareaɯisɯaɯfunctionɯofɯ
groundɯsurfaceɯelevationɯatɯlocationsɯfartherɯfromɯElliottɯBay.ɯɯTheɯtidalɯeffectsɯ
thatɯhaveɯbeenɯobservedɯonɯgroundwaterɯlevelsɯalongɯtheɯwaterfrontɯdissipateɯ
eastwardɯbetweenɯFirstɯAvenueɯS.ɯandɯFourthɯAvenue.ɯɯInɯtheɯuplandɯareasɯ
northeastɯofɯFirstɯAvenueɯS.,ɯtheɯregionalɯwaterɯtableɯisɯgenerallyɯbetweenɯ100ɯ
andɯ135ɯfeetɯbelowɯgroundɯsurface,ɯdependingɯonɯtheɯgroundɯsurfaceɯ
elevation.ɯɯHowever,ɯperchedɯwaterɯandɯisolatedɯzonesɯofɯgroundwaterɯlikelyɯ
existɯaboveɯthisɯdeepɯwaterɯtable.ɯɯɯ

Theɯrelativeɯhydraulicɯconductivityɯofɯtheɯuplandɯsoilsɯisɯlowɯforɯtheɯfineɪ
grainedɯdepositsɯandɯhighɯforɯtheɯcoarseɪgrainedɯdeposits.ɯɯTheɯhorizontalɯ
hydraulicɯgradientɯisɯgenerallyɯtoɯtheɯwestɯtowardɯElliottɯBay.ɯɯTheɯgradientɯisɯ
steeperɯnearɯElliottɯBayɯandɯbecomesɯflatterɯawayɯfromɯElliottɯBayɯtoɯtheɯeastɯ
andɯnortheast.ɯɯTheɯdirectionɯofɯflowɯforɯshallow,ɯperchedɯgroundwaterɯisɯ
locallyɯcontrolledɯbyɯtheɯgeometryɯandɯextentɯofɯtheɯperchingɯsoilsɯandɯtheɯ
nearɪsurfaceɯtopography.ɯ
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4.7.3 North Waterfront – Pike Street to Myrtle Edwards Park 
Soilɯconditionsɯinɯthisɯareaɯconsistɯofɯnearɪsurfaceɯfillɯandɯsedimentsɯdepositedɯ
afterɯglaciation,ɯoverlyingɯglaciallyɯoverconsolidatedɯdepositsɯandɯsedimentsɯ
depositedɯbetweenɯglacialɯperiods.ɯɯTheɯoverconsolidatedɯdepositsɯgenerallyɯ
consistɯofɯsandɯandɯgravel.ɯɯInɯsomeɯareas,ɯtheɯupperɯ15ɯtoɯ40ɯfeetɯofɯtheseɯ
depositsɯhaveɯaɯrelativelyɯhighɯpercentageɯofɯsiltɯandɯclay.ɯɯThisɯsiltɯandɯclayɯ
contentɯtendsɯtoɯdecreaseɯwithɯdepth.ɯɯAɯdiscontinuousɯzoneɯofɯfineɪgrainedɯ
sedimentɯisɯpresentɯbetweenɯaboutɯ70ɯandɯ100ɯfeetɯbelowɯgroundɯsurface.ɯɯɯ

Groundwaterɯisɯencounteredɯapproximatelyɯ8ɯtoɯ12ɯfeetɯbelowɯtheɯgroundɯ
surfaceɯwithinɯtheɯfillɯmaterials.ɯɯTheɯwaterɯtableɯisɯrelativelyɯflatɯandɯappearsɯ
toɯfluctuateɯinɯresponseɯtoɯtidalɯaction.ɯɯTheɯmagnitudeɯofɯtheɯtidalɯfluctuationɯ
generallyɯappearsɯtoɯbeɯaɯfunctionɯofɯtheɯseawallɯtypeɯandɯitsɯintegrity.ɯɯInɯ
contrast,ɯgroundwaterɯlevelsɯmeasuredɯinɯtheɯdeeperɯcoarseɪgrainedɯsoilsɯ
showɯaɯresponseɯtoɯElliottɯBayɯtides,ɯwithɯfluctuationsɯrangingɯfromɯ
approximatelyɯ1ɯtoɯ7ɯfeet.ɯɯɯ

Withinɯtheɯfill,ɯtheɯhydraulicɯconductivityɯisɯhighlyɯvariableɯasɯaɯresultɯofɯtheɯ
heterogeneousɯnatureɯofɯthisɯdeposit.ɯɯTheɯrelativeɯhydraulicɯconductivityɯofɯ
theɯglaciallyɯoverconsolidatedɯdepositsɯofɯthisɯareaɯisɯlowɯforɯtheɯfineɪgrainedɯ
siltɯandɯhighɯforɯtheɯcoarseɪgrainedɯsandɯandɯgravel.ɯɯTheɯupperɯzoneɯofɯtheɯ
coarseɪgrainedɯsandɯandɯgravel,ɯwhichɯcontainsɯaɯhigherɯpercentageɯofɯsiltɯandɯ
clay,ɯhasɯaɯlowerɯhydraulicɯconductivityɯthanɯtheɯunderlyingɯsandɯandɯgravel.ɯ

Groundwaterɯflowɯisɯvariableɯandɯdependentɯonɯtheɯsoilɯtype.ɯɯTheɯflowɯ
occursɯprimarilyɯinɯtheɯcoarseɪgrainedɯsandɯandɯgravelɯlayers,ɯwhichɯareɯ
confinedɯbyɯtheɯoverlyingɯfineɪgrainedɯsoils.ɯɯInɯgeneral,ɯgroundwaterɯflowɯisɯ
horizontalɯtowardɯElliottɯBay.ɯɯAlongɯmostɯofɯthisɯarea,ɯthereɯisɯanɯupwardɯ
hydraulicɯgradientɯasɯgroundwaterɯflowsɯtoɯtheɯElliottɯBayɯdischargeɯarea.ɯɯ
However,ɯtheɯinterveningɯlayersɯofɯfineɪgrainedɯsoilsɯslowɯtheɯverticalɯ
movementɯofɯgroundwaterɯbetweenɯwaterɪbearingɯlayers.ɯɯɯ

4.7.4 North – Battery Street Tunnel to Ward Street 
Thisɯareaɯisɯunderlainɯbyɯinterlayeredɯfineɪɯandɯcoarseɪgrainedɯsoils.ɯɯInɯ
general,ɯcoarseɪgrainedɯsandsɯandɯgravelsɯareɯtheɯprimaryɯwaterɪbearingɯunitsɯ
inɯthisɯarea.ɯɯTheseɯdepositsɯareɯgenerallyɯoverlainɯbyɯfineɪgrainedɯsediments.ɯɯ
Inɯsomeɯareas,ɯsmallɯzonesɯofɯshallowɯgroundwaterɯperchɯonɯtopɯofɯtheɯfineɪ
grainedɯsoils.ɯɯBetweenɯandɯbeneathɯtheseɯperchedɯwaterɪbearingɯzones,ɯtheɯ
fineɪgrainedɯsoilsɯmayɯbeɯunsaturatedɯdownɯtoɯtheɯunderlyingɯwaterɯtableɯ
aquifer,ɯparticularlyɯatɯtheɯsouthernɯendɯofɯthisɯarea.ɯɯ

Theɯdepthɯtoɯgroundwaterɯisɯaɯfunctionɯofɯgroundɯsurfaceɯelevationɯandɯtheɯ
presenceɯofɯperchedɯwaterɪbearingɯzones.ɯɯAtɯtheɯnorthɯendɯofɯtheɯBST,ɯtheɯ
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regionalɯwaterɯtableɯisɯgenerallyɯbetweenɯ100ɯandɯ135ɯfeetɯbelowɯgroundɯ
surface.ɯɯToɯtheɯnorth,ɯtheɯregionalɯwaterɯtableɯisɯshallowerɯasɯtheɯgroundɯ
surfaceɯdipsɯdownwardɯtowardɯLakeɯUnion.ɯɯɯ

Theɯrelativeɯhydraulicɯconductivityɯofɯtheɯuplandɯsoilsɯisɯlowɯforɯtheɯfineɪ
grainedɯdepositsɯandɯhighɯforɯtheɯcoarseɪgrainedɯdeposits.ɯɯGroundwaterɯ
hydraulicɯgradientsɯandɯflowɯdirectionsɯhaveɯnotɯbeenɯdeterminedɯinɯthisɯ
area;ɯhowever,ɯgroundwaterɯunderlyingɯtheɯnorthernɯhalfɯofɯthisɯareaɯwillɯ
likelyɯflowɯtowardɯLakeɯUnion.ɯɯTheɯdirectionɯofɯflowɯforɯshallow,ɯperchedɯ
groundwaterɯisɯlocallyɯcontrolledɯbyɯtheɯgeometryɯandɯextentɯofɯtheɯperchingɯ
soilsɯandɯtheɯnearɪsurfaceɯtopography.ɯ

4.7.5 Seawall – S. King Street to Myrtle Edwards Park 
Soilɯconditionsɯadjacentɯtoɯtheɯseawallɯareɯsimilarɯtoɯthoseɯinɯtheɯnorthɯ
waterfrontɯareaɯandɯconsistɯofɯnearɪsurfaceɯfillɯandɯsedimentsɯoverlyingɯ
glaciallyɯoverconsolidatedɯdepositsɯandɯsedimentsɯdepositedɯbetweenɯglacialɯ
periods.ɯɯGroundwaterɯisɯencounteredɯapproximatelyɯ8ɯtoɯ12ɯfeetɯbelowɯtheɯ
groundɯsurfaceɯwithinɯtheɯfillɯmaterials.ɯɯTheɯwaterɯtableɯisɯrelativelyɯflatɯandɯ
appearsɯtoɯfluctuateɯinɯresponseɯtoɯtidalɯaction.ɯɯTheɯmagnitudeɯofɯtheɯtidalɯ
fluctuationɯgenerallyɯappearsɯtoɯbeɯaɯfunctionɯofɯtheɯseawallɯtypeɯandɯitsɯ
integrity.ɯɯInɯcontrast,ɯgroundwaterɯlevelsɯmeasuredɯinɯtheɯdeeperɯcoarseɪ
grainedɯsoilsɯshowɯaɯresponseɯtoɯElliottɯBayɯtides,ɯwithɯfluctuationsɯrangingɯ
fromɯapproximatelyɯ1ɯtoɯ7ɯfeet.ɯɯɯ

Withinɯtheɯfillɯadjacentɯtoɯtheɯseawall,ɯtheɯhydraulicɯconductivityɯisɯhighlyɯ
variableɯasɯaɯresultɯofɯtheɯheterogeneousɯnatureɯofɯthisɯdeposit.ɯɯTheɯrelativeɯ
hydraulicɯconductivityɯofɯtheɯglaciallyɯoverconsolidatedɯdepositsɯadjacentɯtoɯ
theɯseawallɯisɯlowɯforɯtheɯfineɪgrainedɯsiltɯandɯhighɯforɯtheɯcoarseɪgrainedɯ
sandɯandɯgravel.ɯɯInɯtheɯnorthernɯhalfɯofɯtheɯarea,ɯtheɯupperɯzoneɯofɯtheɯ
coarseɪgrainedɯsandɯandɯgravel,ɯwhichɯcontainsɯaɯhigherɯpercentageɯofɯsiltɯandɯ
clay,ɯhasɯaɯlowerɯhydraulicɯconductivityɯthanɯtheɯunderlyingɯsandɯandɯgravel.ɯ

Groundwaterɯflowɯisɯvariableɯandɯdependentɯonɯtheɯsoilɯtype.ɯɯTheɯflowɯ
occursɯprimarilyɯinɯtheɯcoarseɪgrainedɯsandɯandɯgravelɯlayers,ɯwhichɯareɯ
confinedɯbyɯtheɯoverlyingɯfineɪgrainedɯsoils.ɯɯInɯgeneral,ɯgroundwaterɯflowɯisɯ
horizontalɯtowardɯElliottɯBay.ɯɯAlongɯmostɯofɯthisɯarea,ɯthereɯisɯanɯupwardɯ
hydraulicɯgradientɯasɯgroundwaterɯflowsɯtoɯtheɯElliottɯBayɯdischargeɯarea.ɯɯ
However,ɯtheɯinterveningɯlayersɯofɯfineɪgrainedɯsoilsɯslowɯtheɯverticalɯ
movementɯofɯgroundwaterɯbetweenɯwaterɪbearingɯlayers.ɯɯɯ

4.8  Groundwater Recharge and Discharge 
Rechargeɯtoɯtheɯaquifersɯinɯtheɯprojectɯareaɯoccursɯasɯprecipitationɯ(rain)ɯ
infiltratesɯ(penetrates)ɯtheɯgroundɯsurfaceɯwithinɯandɯeastɯofɯtheɯstudyɯarea.ɯɯ
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TheɯaverageɯannualɯprecipitationɯforɯtheɯSeattleɯareaɯisɯapproximatelyɯ34ɯ
inches.ɯɯRechargeɯbyɯprecipitationɯisɯcontrolledɯbyɯaɯnumberɯofɯparameters,ɯ
includingɯgroundɯslope,ɯtheɯamountɯofɯpavedɯarea,ɯandɯtheɯsoilɅsɯabilityɯtoɯ
transmitɯwater.ɯɯInɯareasɯwhereɯtheɯgroundɯslopeɯisɯsteep,ɯwaterɯwillɯrunoffɯ
theɯfaceɯofɯtheɯslopeɯandɯlittleɯwaterɯwillɯinfiltrateɯintoɯtheɯsubsurfaceɯonɯtheɯ
slope.ɯɯAtɯtheɯbaseɯofɯtheɯslope,ɯtheɯrunoffɯmayɯcollectɯandɯrechargeɯdependingɯ
onɯtheɯamountɯofɯpavedɯareaɯandɯsoilɯconditions.ɯɯInɯpavedɯareas,ɯ
precipitationɯwillɯrunɯoffɯtheɯarea,ɯtypicallyɯtoɯtheɯcombinedɯsewerɯsystem.ɯɯ
Therefore,ɯinɯareasɯwhereɯthereɯisɯaɯhighɯdensityɯofɯbuildingsɯandɯpavement,ɯ
littleɯrechargeɯisɯlikelyɯtoɯoccur.ɯɯTheɯrateɯatɯwhichɯprecipitationɯinfiltratesɯisɯaɯ
functionɯofɯsoilɯconditions,ɯparticularlyɯtheɯsoil’sɯabilityɯtoɯtransmitɯwater.ɯɯInɯ
areasɯwhereɯtheɯnearɪsurfaceɯsoilɯconsistsɯofɯsiltɯorɯclay,ɯwaterɯwillɯnotɯreadilyɯ
infiltrate.ɯ

Hydraulicɯgradientsɯmeasuredɯinɯaquifersɯunderlyingɯtheɯprojectɯareaɯindicateɯ
groundwaterɯmovementɯtowardɯElliottɯBayɯandɯLakeɯUnion.ɯɯTheɯmainɯareaɯofɯ
dischargeɯisɯElliottɯBay,ɯexceptɯinɯtheɯnorthernɯpartɯofɯtheɯprojectɯarea,ɯwhereɯ
shallowɯgroundwaterɯlikelyɯdischargesɯtoɯLakeɯUnion.ɯɯɯ

4.9  Current Aquifer Use and Institutional Use Prohibitions 
Noɯactiveɯdrinkingɯwaterɯwellsɯhaveɯbeenɯidentifiedɯinɯtheɯprojectɯarea;ɯ
however,ɯaɯreviewɯofɯEcologyɯwaterɯrightsɯrecordsɯindicatesɯthatɯtwoɯactiveɯ
waterɯrightsɯforɯgroundwaterɯwithdrawalɯexistɯinɯtheɯvicinityɯofɯtheɯprojectɯ
area.ɯɯAɯgroundwaterɯcertificateɯwasɯissuedɯforɯtheɯformerɯTroyɯLaundryɯCo.ɯ
locatedɯatɯtheɯcornerɯofɯThomasɯStreetɯandɯFairviewɯAvenueɯN.ɯɯTheɯcertificateɯ
wasɯissuedɯinɯ1971ɯforɯgroundwaterɯwithdrawalɯfromɯaɯwell.ɯɯTheɯcurrentɯ
statusɯofɯtheɯwellɯisɯnotɯknown.ɯɯAɯgroundwaterɯrightɯhasɯbeenɯissuedɯforɯ
SafecoɯFieldɯforɯirrigationɯofɯtheɯplayingɯfield.ɯɯTheɯwaterɯsupplyɯisɯfromɯtheɯ
permanentɯdrainageɯsystemɯbeneathɯtheɯsportsɯfacility.ɯ

Twoɯadditionalɯwaterɯrightsɯareɯknownɯtoɯexistɯwithinɯapproximatelyɯ1ɯmileɯ
ofɯtheɯstudyɯarea.ɯɯAɯgroundwaterɯrightɯhasɯbeenɯissuedɯforɯtheɯPortɯofɯSeattleɯ
atɯPierɯ91.ɯɯTheɯPierɯ91ɯwellɯisɯscreenedɯfromɯ340ɯtoɯ445ɯfeetɯbelowɯgroundɯ
surfaceɯandɯisɯusedɯforɯindustrialɯwaterɯsupply.ɯɯAɯgroundwaterɯrightɯforɯanɯ
emergencyɯbackupɯwaterɯsupplyɯwellɯhasɯbeenɯissuedɯforɯProvidenceɯHospitalɯ
locatedɯatɯ500ɯ17thɯAvenue.ɯ

BecauseɯofɯtheɯpresenceɯofɯaɯmunicipalɯwaterɯsystemɯinɯtheɯSeattleɯarea,ɯ
groundwaterɯuseɯisɯgenerallyɯlimitedɯtoɯemergencyɯandɯindustrialɯsupplyɯ
wellsɯforɯnonɪdrinkingɯuse.ɯɯTheɯnearestɯknownɯdrinkingɯwaterɯwellsɯareɯtheɯ
HighlineɯAquiferɯsystemɯwells,ɯlocatedɯnorthɯofɯtheɯSeaɪTacɯAirportɯ(aboutɯ6ɯ
milesɯsouthɯofɯtheɯsouthernɯedgeɯofɯtheɯprojectɯarea),ɯwhichɯareɯpartɯofɯtheɯ
CityɯofɯSeattleɯwaterɯsystem.ɯɯTheseɯwellsɯareɯscreenedɯinɯolderɯcoarseɪgrainedɯ
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deposits.ɯɯThisɯaquiferɯisɯnotɯinɯhydraulicɯconnectionɯwithɯtheɯaquifersɯbelowɯ
theɯprojectɯarea.ɯ

4.9.1 Sole Source Aquifers 
Noɯsoleɯsourceɯaquifersɯareɯlocatedɯwithinɯ5ɯmilesɯofɯtheɯprojectɯboundaries.ɯ

4.9.2 Wellhead Protection Areas 
Theɯprojectɯcorridorɯdoesɯnotɯoverlapɯanyɯwellheadɯprotectionɯareas.ɯɯTheɯ
nearestɯwellheadɯprotectionɯareaɯisɯforɯtheɯHighlineɯAquiferɯsystemɯwells.ɯɯ
Theɯprojectɯboundaryɯisɯoutsideɯofɯtheɯ10ɪyearɯcaptureɯzoneɯforɯtheɯHighlineɯ
Aquiferɯwellheadɯprotectionɯarea.ɯɯɯ
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Chapter 5 OPERATIONAL IMPACTS AND BENEFITS
Geologyɪɯandɯsoilsɪrelatedɯimpactsɯcausedɯbyɯtheɯproposedɯprojectɯwouldɯbeɯ
impactsɯtoɯexistingɯfeaturesɯ(structures,ɯutilities,ɯetc.)ɯalongɯtheɯprojectɯ
corridor.ɯɯTheɯmainɯtypesɯofɯstructuresɯincludedɯinɯtheɯproposedɯalternativesɯ
thatɯwouldɯhaveɯgeologyɪɯandɯsoilsɪrelatedɯimpactsɯincludeɯelevatedɯ
structures,ɯtunnels,ɯtheɯseawall,ɯfillɯembankments,ɯcutɯslopes,ɯwalls,ɯandɯ
upgradesɯtoɯexistingɯstructures.ɯɯNoɯsoilsɪɯorɯgeologyɪrelatedɯoperationalɯ
impactsɯareɯanticipatedɯforɯatɪgradeɯroadwayɯimprovements,ɯnewɯsignsɯorɯ
signals,ɯorɯpaving.ɯ

TheɯprojectɯcorridorɯextendsɯfromɯapproximatelyɯS.ɯSpokaneɯStreet,ɯnorthɯ
alongɯtheɯdowntownɯSeattleɯwaterfront,ɯtoɯapproximatelyɯWardɯStreetɯinɯtheɯ
SouthɯLakeɯUnionɯarea.ɯɯSixɯdifferentɯalternativesɯareɯbeingɯconsideredɯforɯtheɯ
projectɯandɯareɯdiscussedɯasɯfollows:ɯ

¶ NoɯBuildɯAlternativeɯ
¶ RebuildɯAlternativeɯ
¶ AerialɯAlternativeɯ
¶ TunnelɯAlternativeɯ
¶ BypassɯTunnelɯAlternativeɯ
¶ SurfaceɯAlternativeɯ

Eachɯalternativeɯcontainsɯvariousɯoptionsɯforɯdifferentɯareasɯalongɯtheɯprojectɯ
alignment.ɯɯEachɯofɯtheɯalternativesɯandɯoptionsɯcontainsɯelementsɯthatɯareɯ
commonɯtoɯotherɯalternatives.ɯɯForɯexample,ɯregardlessɯofɯwhichɯalternativeɯ
(exceptɯtheɯNoɯBuildɯAlternative)ɯisɯselected,ɯtheɯprojectɯwillɯincludeɯ
repair/replacementɯofɯtheɯexistingɯseawall.ɯɯInɯaddition,ɯtheɯalternativesɯalsoɯ
haveɯelementsɯinɯcommon,ɯsuchɯasɯtheɯuseɯofɯdrilledɯshafts,ɯMechanicallyɯ
StabilizedɯEarthɯ(MSE)ɯwalls,ɯcastɪinɪplaceɯ(CIP)ɯconcreteɯpiles,ɯgroundɯ
improvement,ɯandɯotherɯgeotechnicalɪrelatedɯfeatures.ɯɯMSEɯwallsɯareɯ
retainingɯstructuresɯconstructedɯbyɯtheɯsoilɯmassɯbehindɯtheɯwallɯwithɯaɯ
reinforcingɯgeotextileɯorɯotherɯsoilɯreinforcementɯsystem.ɯɯTheɯreinforcedɯsoilɯ
massɯisɯtypicallyɯprotectedɯbyɯaɯhardenedɯsurfaceɯ(e.g.,ɯconcreteɯblocks)ɯalongɯ
theɯsoilɯface.ɯɯCIPɯconcreteɯpilesɯareɯclosedɪendɯsteelɯpipeɯpilesɯ(casings)ɯdrivenɯ
intoɯtheɯgroundɯandɯfilledɯwithɯreinforcedɯconcrete.ɯɯɯ

Groundɯimprovementɯwillɯbeɯperformedɯforɯselectedɯalternatives.ɯɯGroundɯ
improvementɯtechniquesɯmayɯincludeɯvibroɪreplacementɯ(stoneɯcolumns),ɯjetɯ
grouting,ɯandɯdeepɯsoilɯmixing.ɯɯSelectionɯofɯtheɯappropriateɯgroundɯ
improvementɯtechniquesɯdependsɯuponɯaɯnumberɯofɯissues,ɯincludingɯtheɯsoilɯ
typeɯ(especiallyɯfinesɯcontent),ɯlevelɯofɯimprovementɯrequired,ɯareaɯandɯdepthɯ
toɯbeɯimproved,ɯproximityɯofɯadjacentɯexistingɯstructures,ɯandɯcost.ɯɯɯ
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Operation impacts are those that occur over the long term as the facility is in 
operation.  Unless otherwise noted, operation impacts apply to all areas 
where the proposed feature will be installed and may apply to more than one 
alternative.  The following sections present discussions of different types of 
operation impacts for each alternative and option.  Mitigation measures for 
the identified impacts are discussed in Chapter 8. 

5.1  No Build Alternative 

The No Build Alternative does not include earthwork.  Existing features will 
remain, and no repair of the existing seawall or seismic upgrade of the viaduct 
will be performed.  As stated in Section 4.4.4, there is a high liquefaction 
hazard along the southern and central areas of the project.  For the No Build 
Alternative, the existing viaduct will be susceptible to damage caused by 
liquefaction of the foundation soils during an earthquake.  Liquefaction could 
also result in lateral spreading along Elliott Bay and the Duwamish 
Waterway.  During an earthquake, the existing viaduct structure, seawall, 
utilities, and adjacent buildings may settle, move laterally, tilt (structures), or 
collapse due to liquefaction and lateral spreading.  The degree to which this 
could occur will depend on the foundation soils, the properties of the 
structures, and the magnitude and duration of the ground shaking.  Surface 
fault rupture from an earthquake on the Seattle Fault could also result in 
widespread damage to structures in the vicinity of and within the rupture 
area.  The only benefit to this alternative is that there will be no disruption to 
the public for construction planned for the other alternatives.   

5.1.1 Scenario 1 – Continued Operation of the Viaduct and Seawall with 
Continued Maintenance 

This scenario assumes that the viaduct will not collapse during an earthquake.  
This scenario is based on the assumption that an earthquake is expected to 
occur once in less than a 70-year time period.  No geology- and soils-related 
operational impacts are anticipated. 

5.1.2 Scenario 2 – Sudden Unplanned Loss of the Viaduct and/or Seawall but 
Without Major Collapse or Injury 

This scenario assumes that the viaduct may be damaged due to an earthquake 
or other event.  This scenario is based on the assumption that an earthquake is 
expected to occur once every 70 to 80 years and would have characteristics 
similar to the recent Nisqually (intraslab) earthquake of 2001.  During an 
earthquake, the existing viaduct structure, seawall, utilities, and adjacent 
buildings may settle, move laterally, or tilt (structures) due to liquefaction and 
lateral spreading.  The degree to which this could occur will depend on the 
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foundation soils, the properties of the structures, and the magnitude and 
duration of the ground shaking.

5.1.3 Scenario 3 – Catastrophic Failure and Collapse of the Viaduct and/or 
Seawall

This scenario assumes that the viaduct and seawall will collapse due to an 
earthquake or other event.  This scenario is based on the assumption that an 
earthquake is expected to occur once every 210 years based on studies 
performed by WSDOT for the viaduct structure.  During an earthquake, 
liquefaction and lateral spreading will cause the viaduct and seawall to 
collapse.  Surface fault rupture may also occur for earthquakes on the Seattle 
Fault.  Utilities will likely fail.  Surrounding buildings and structures may also 
collapse, depending on their foundation elements.  Loads from the collapsed 
viaduct could result in additional damage to adjacent structures, utilities, and 
other underground features.  The lateral spreading will result in lateral 
movement of soil upland of the seawall.  This lateral movement could extend 
for several hundreds of feet, causing widespread impacts to the surrounding 
area (damage to utilities, roadways, and structures). 

5.2  Rebuild Alternative 

The Rebuild Alternative includes a combination of retrofitting and rebuilding 
the viaduct and rebuilding the seawall.  The alignment for the Rebuild 
Alternative generally follows the existing SR 99 alignment from south of S. 
Holgate Street to north of the BST portal at John Street.  Retrofitting and 
rebuilding the viaduct will enable the structure to withstand the effects of a 
major earthquake.  Rebuilding the seawall will mitigate the effects of lateral 
spreading of the subsurface soils on the adjacent structure and utilities during 
a major seismic event.   

The Rebuild Alternative will be designed based on available subsurface 
information, design procedures, criteria approved by WSDOT and the City of 
Seattle, and existing site conditions.  If subsurface conditions at the site are 
different from those disclosed during the field explorations, or if site 
conditions change during the life of the project, future impacts to the site 
could occur.   

5.2.1 South – S. Spokane Street to S. King Street 

At-Grade with SR 519 Elevated Ramps 
The Rebuild Alternative begins at S. Holgate Street with an at-grade roadway.  
SR 519 will extend over the at-grade roadway.  The overcrossing will be 
supported on CIP concrete piles and/or drilled shafts.  MSE wall approach 
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fills will also be constructed for the proposed ramps.  Ground improvement 
will be performed around existing and proposed foundations and for the first 
100 feet of each MSE wall approach fill.  Ground improvement methods that 
may be used include jet grouting, deep soil mixing, and vibro-replacement 
(stone columns).

Seismic Considerations
If a seismic event occurs during the life of the project, the stability of elevated 
structures and fill embankments could be impacted.  The upper loose soil 
deposits at the site are susceptible to liquefaction during a seismic event as 
discussed in Section 4.4.4.  In critical areas beneath abutments and 
foundations, ground improvement will be performed, thereby mitigating the 
potential liquefaction.  However, scattered liquefaction could occur in areas 
where ground improvement will not be performed (beneath portions of 
approach fills, in roadways, and in areas adjacent to the project).  Liquefaction 
beneath at-grade pavements could result in cracking and settlement of the 
roadway.  If liquefaction occurs beneath or alongside foundations, loss of 
bearing capacity, settlement, and lateral displacement of the structure and 
surrounding ground may occur.  If liquefaction occurs beneath fill 
embankments, slope instability and excessive settlement could damage the 
existing roadway and adjacent facilities.   

Erosion and Sediment Transport
Sediment erosion into surface water could occur during the operational life of 
the project if stormwater runoff is not controlled.  Permanent drainage 
facilities for walls, fills, etc., may result in increased water flow to existing 
culverts or drainage ditches.  Additional sediment load from erosion may 
result in buildup in ditches, culverts, swales, and other drainage features.  The 
eroded sediments could be deposited on adjacent properties, streets, and/or 
Elliott Bay.

Groundwater
Groundwater flow through ground that has been improved using jet grouting 
or deep soil mixing methods will be less than flow through existing untreated 
soils.  This ground improvement will create a low permeability zone.  
However, since the improved area is localized, the groundwater flow will not 
be adversely affected.  For ground improvement by stone columns, no 
adverse groundwater flow conditions are anticipated.   

Fill Embankments
The approach fills for the SR 519 overcrossing will be constructed in areas 
where soft ground is known to be present.  Ground improvement will be 
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performedɯbeneathɯtheɯfillɯembankmentsɯforɯtheɯfirstɯ100ɯfeetɯofɯtheɯMSEɯwallɯ
approachɯfill.ɯ

Theɯfillɯembankmentsɯwillɯgenerallyɯbeɯfoundedɯonɯlooseɯtoɯmediumɯdenseɯ
fill,ɯestuarine,ɯorɯalluvialɯsoilsɯ(seeɯSectionɯ4.3).ɯɯTheseɯsoilsɯcouldɯcontainɯsoftɯ
siltsɯandɯlooseɯsandsɯthatɯareɯsusceptibleɯtoɯlargeɯmagnitudesɯofɯsettlement.ɯɯ
Theɯgroundɯimprovementɯthatɯwillɯbeɯperformedɯmayɯnotɯfullyɯstrengthenɯ
theseɯsoftɯsoils.ɯɯInɯareasɯwhereɯprimarilyɯsandyɯsoilsɯareɯpresent,ɯsettlementsɯ
willɯoccurɯessentiallyɯasɯtheɯloadɯisɯapplied.ɯɯHowever,ɯwhereɯsoftɯclayeyɯsoilsɯ
areɯpresent,ɯsettlementsɯcouldɯoccurɯmoreɯslowly,ɯoverɯaɯperiodɯofɯseveralɯ
monthsɯtoɯmoreɯthanɯaɯyear,ɯdependingɯonɯtheɯclayɯandɯorganicɯcontentɯofɯtheɯ
soilɯandɯtheɯthicknessɯofɯtheɯsoftɯclayeyɯsoilɯunit.ɯ

Existingɯutilitiesɯthatɯareɯlocatedɯwithinɯfillɯareasɯwillɯbeɯsubjectedɯtoɯloadingɯ
andɯsettlementɯdueɯtoɯtheɯoverlyingɯfill.ɯɯLongɪtermɯsettlementɯcouldɯdamageɯ
theɯnewɯroadwayɯpavementɯandɯresultɯinɯseparationsɯbetweenɯtheɯapproachɯ
fillɯandɯaerialɯstructureɯabutment.ɯɯTheɯsettlementɯmayɯalsoɯextendɯoutɯfromɯ
theɯtoeɯofɯtheɯnewɯfill,ɯresultingɯinɯpotentialɯsettlementɯofɯadjacentɯfacilitiesɯ
suchɯasɯexistingɯroadways,ɯrailways,ɯbuildings,ɯandɯutilities.ɯɯSettlementɯofɯfillɯ
embankmentsɯadjacentɯtoɯburiedɯfoundationsɯcouldɯresultɯinɯloadingɯofɯthoseɯ
foundationsɯbyɯaɯprocessɯcalledɯdowndrag.ɯɯAsɯtheɯsoilɯsettles,ɯfrictionɯalongɯ
theɯsideɯofɯtheɯadjacentɯfoundationɯwouldɯaddɯadditionalɯdownwardɯforceɯasɯ
theɯfoundationɯisɯdraggedɯdownɯbyɯtheɯsoil.ɯɯForɯfoundationsɯthatɯareɯnotɯ
designedɯforɯthisɯadditionalɯload,ɯdamageɯcouldɯoccurɯtoɯtheɯstructuresɯthatɯ
areɯbeingɯsupportedɯbyɯtheseɯfoundations.ɯɯThisɯwillɯbeɯaɯconcernɯforɯbothɯtheɯ
newɯviaductɯfoundationsɯandɯexistingɯfoundationsɯofɯsurroundingɯstructures.ɯ

Theɯpresenceɯofɯsoftɯsoilsɯbeneathɯtheɯfillɯembankmentsɯcouldɯalsoɯresultɯinɯ
lateralɯmovementɯasɯtheɯsubsurfaceɯsoilɯcompressesɯunderɯtheɯweightɯofɯtheɯ
fill.ɯɯLateralɯmovementɯnearɯtheɯtoeɯofɯaɯfillɯcouldɯbeɯasɯmuchɯasɯoneɯhalfɯofɯtheɯ
estimatedɯsettlement.ɯɯExistingɯadjacentɯutilitiesɯorɯstructuresɯcouldɯbeɯ
subjectedɯtoɯlateralɯloadingɯdueɯtoɯthisɯmovement.ɯ

Instabilityɯduringɯearthquakeɯloadingɯmayɯalsoɯresultɯinɯfillɯembankmentɯ
failure.ɯɯThisɯtypeɯofɯfailureɯcouldɯcauseɯpotentialɯdamageɯtoɯstructuresɯorɯ
pavementsɯlocatedɯonɯorɯnearɯtheɯfillɯembankments,ɯsuchɯasɯbridgeɯabutments.ɯ

Utilities
Numerousɯexistingɯaboveɪgradeɯandɯundergroundɯutilitiesɯwillɯbeɯimpactedɯ
byɯtheɯproject.ɯɯTemporaryɯorɯpermanentɯrelocationɯofɯutilitiesɯmayɯbeɯ
requiredɯpriorɯtoɯconstructingɯfillɯembankments,ɯfoundations,ɯorɯgroundɯ
improvement.ɯɯUndergroundɯutilitiesɯbeneathɯandɯnearɯfillsɯmayɯsettleɯorɯ
displaceɯlaterally,ɯorɯexperienceɯverticalɯandɯlateralɯloadingɯdueɯtoɯfillɯ
embankmentɯloadingɯandɯsettlementɯofɯsubgradeɯsoilsɯbeneathɯtheɯfill.ɯɯ
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Abandonedɯutilitiesɯthatɯareɯnotɯbackfilledɯcouldɯbecomeɯconduitsɯforɯwaterɯorɯ
gases,ɯwhichɯcouldɯimpactɯexistingɯorɯfutureɯfacilities.ɯ

Foundations
Lateralɯloadsɯonɯtheɯaerialɯstructureɯwillɯtranslateɯintoɯtheɯfoundationɯ
elements,ɯwhichɯwillɯresultɯinɯlateralɯloadsɯbeingɯappliedɯtoɯtheɯsoil.ɯɯInɯareasɯ
whereɯtheseɯfoundationɯelementsɯareɯcloseɯtoɯexistingɯstructures,ɯtheseɯlateralɯ
loadsɯcouldɯbeɯtransmittedɯtoɯexistingɯutilities,ɯfootings,ɯorɯpiles,ɯresultingɯinɯ
damageɯtoɯtheɯexistingɯstructures.ɯɯ

Ground Improvement
Liquefactionɯbeneathɯtheɯaerialɯstructureɯfoundationsɯandɯportionsɯofɯtheɯfillɯ
embankmentsɯincludedɯinɯtheɯRebuildɯAlternativeɯwillɯbeɯmitigatedɯbyɯtheɯuseɯ
ofɯgroundɯimprovementɯtechniques.ɯɯItɯshouldɯbeɯnoted,ɯhowever,ɯthatɯ
liquefactionɯcouldɯstillɯoccurɯoutsideɯtheɯgroundɯimprovementɯzone.ɯɯDuringɯaɯ
seismicɯevent,ɯliquefiedɯsoilɯcouldɯundergoɯlateralɯspreadingɯandɯapplyɯ
externalɯlateralɯloadsɯonɯtheɯimprovedɯblockɯofɯsoil.ɯɯIfɯtheseɯfeaturesɯinɯtheɯ
groundɯimprovementɯareaɯareɯnotɯdesignedɯtoɯaccommodateɯtheɯadditionalɯ
loadsɯcausedɯbyɯthisɯphenomenon,ɯthenɯsettlementɯorɯlateralɯmovementɯcouldɯ
occur.ɯɯSettlementɯandɯlateralɯmovementɯcouldɯresultɯinɯdamageɯtoɯutilitiesɯ
andɯstructuresɯwithinɯtheɯimprovedɯarea.ɯ

Ifɯgroundɯimprovementɯmethodsɯareɯnotɯinstalledɯcorrectly,ɯtheɯstructuralɯ
integrityɯorɯstabilityɯofɯtheɯstructureɯcouldɯbeɯaffected.ɯɯForɯexample,ɯwhenɯ
performingɯdeepɯsoilɯmixing,ɯportionsɯofɯtheɯsoilɯmayɯnotɯbeɯadequatelyɯ
improvedɯifɯtheɯdeepɯsoilɯmixedɯcolumnsɯareɯnotɯdesignedɯorɯconstructedɯ
properly.ɯɯThisɯcouldɯresultɯinɯpartialɯliquefactionɯinɯsomeɯareasɯandɯincreasedɯ
loadsɯonɯtheɯnewɯstructureɯfoundations.ɯ

5.2.2 Central – S. King Street to Battery Street Tunnel 

Rebuild and Retrofit 
NorthɯofɯColumbiaɯStreet,ɯtheɯexistingɯviaductɯwillɯbeɯrebuilt.ɯɯTheɯ
foundationsɯofɯtheɯrebuiltɯviaductɯwillɯconsistɯofɯCIPɯpilesɯand/orɯdrilledɯ
shaftsɯuntilɯaboutɯPikeɯStreet.ɯɯBetweenɯPikeɯStreetɯandɯStewartɯStreet,ɯtheɯ
existingɯviaductɯstructureɯwillɯbeɯretrofittedɯandɯnewɯfoundationɯelementsɯ
willɯbeɯinstalled.ɯɯNorthɯofɯStewartɯStreet,ɯlargeɪdiameterɯdrilledɯshaftɯ
foundationsɯwillɯbeɯusedɯtoɯsupportɯtheɯrebuiltɯviaductɯinɯsomeɯareas,ɯandɯ
retrofittingɯofɯexistingɯcolumnsɯwillɯbeɯperformedɯinɯotherɯareas.ɯɯTheɯexistingɯ
viaductɯretrofitɯmayɯincludeɯstrengtheningɯofɯsomeɯfoundationɯelementsɯsuchɯ
asɯfootingɯoverlays,ɯextensionsɯwithɯmicropiles,ɯorɯotherɯretrofitɯmeans.ɯɯ
Micropilesɯareɯsmallɪdiameterɯ(lessɯthanɯ12ɯinches),ɯdrilledɯandɯgroutedɯpilesɯ
thatɯareɯcentrallyɯreinforcedɯwithɯsteel.ɯɯGroundɯimprovementɯmayɯbeɯ
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performedɯinɯsomeɯareasɯaroundɯexistingɯandɯproposedɯfoundations.ɯɯGroundɯ
improvementɯmethodsɯthatɯmayɯbeɯusedɯincludeɯjetɯgrouting,ɯdeepɯsoilɯ
mixing,ɯandɯvibroɪreplacementɯ(stoneɯcolumns).ɯɯ

TheɯexistingɯrampsɯatɯColumbiaɯStreetɯandɯSenecaɯStreetɯcouldɯbeɯrebuiltɯorɯ
retrofitɯandɯwillɯbeɯsupportedɯonɯCIPɯconcreteɯpilesɯand/orɯdrilledɯshafts.ɯɯTheɯ
ElliottɯAvenueɯandɯWesternɯAvenueɯonɪɯandɯoffɪramps,ɯsouthɯofɯtheɯBST,ɯwillɯ
beɯrebuiltɯandɯsupportedɯbyɯdrilledɯshaftsɯandɯretrofittedɯspreadɯfootings.ɯɯ
MSEɯwallɯapproachɯfillsɯwillɯalsoɯbeɯconstructedɯforɯtheɯproposedɯramps.ɯɯ
Operationɯimpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯsouthɯareaɯ(seeɯ
Sectionɯ5.2.1),ɯalthoughɯmoreɯofɯtheɯalignmentɯisɯelevatedɯinɯthisɯportion.ɯɯɯ

Seismic Considerations
Ifɯaɯseismicɯeventɯoccursɯduringɯtheɯlifeɯofɯtheɯproject,ɯtheɯstabilityɯofɯ
structuresɯandɯfillɯembankmentsɯcouldɯbeɯimpacted.ɯɯOperationɯimpactsɯwillɯ
beɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯsouthɯareaɯ(seeɯSectionɯ5.2.1).ɯɯInɯaddition,ɯ
theɯexistingɯslopesɯbeneathɯtheɯviaductɯsouthɯofɯtheɯBSTɯmayɯexperienceɯ
surfaceɯsloughingɯorɯravelingɯthatɯcouldɯdepositɯmaterialɯontoɯdownslopeɯ
areasɯand/orɯremoveɯsupportɯfromɯtheɯviaductɯfoundations.ɯɯɯ

Erosion and Sediment Transport
Sedimentɯerosionɯintoɯsurfaceɯwaterɯcouldɯoccurɯduringɯtheɯoperationalɯlifeɯofɯ
theɯprojectɯifɯstormwaterɯrunoffɯisɯnotɯcontrolled.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯ
thoseɯdiscussedɯforɯtheɯsouthɯareaɯ(seeɯSectionɯ5.2.1).ɯɯInɯaddition,ɯslopesɯinɯtheɯ
centralɯareaɯcouldɯbecomeɯunstableɯbecauseɯofɯlongɪdurationɯrainstormsɯ
coupledɯwithɯinadequateɯsurfaceɯwaterɯcontrol.ɯɯSoilɯdepositsɯwithinɯtheɯslopeɯ
couldɯbecomeɯsaturated,ɯcausingɯtheɯslopeɯtoɯloseɯstrengthɯandɯslideɯ
downward.ɯɯImproperɯdirectionɯofɯrunoffɯcouldɯresultɯinɯinstabilityɯofɯtheɯ
existingɯslopesɯsouthɯofɯtheɯBST.ɯ

Groundwater
Groundwaterɯflowɯthroughɯgroundɯthatɯhasɯbeenɯimprovedɯusingɯjetɯ
grouting,ɯstoneɯcolumns,ɯorɯdeepɯsoilɯmixingɯmethodsɯwillɯbeɯlessɯthanɯflowɯ
throughɯexistingɯuntreatedɯsoils.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯ
forɯtheɯsouthɯareaɯ(seeɯSectionɯ5.2.1).ɯ

Fill Embankments
TheɯRebuildɯAlternativeɯinɯtheɯcentralɯareaɯincludesɯseveralɯfillɯembankmentsɯ
supportedɯbyɯMSEɯwalls.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯ
southɯareaɯ(seeɯSectionɯ5.2.1).ɯ
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Permanent Retaining Walls
TheɯRebuildɯAlternativeɯdoesɯnotɯincludeɯmajorɯpermanentɯretainingɯwallsɯ
otherɯthanɯtheɯrebuiltɯseawall.ɯɯHowever,ɯsomeɯwallsɯmayɯbeɯconstructedɯforɯ
supportɯstructures.ɯɯSettlementɯandɯlateralɯmovementɯcouldɯoccurɯoverɯtheɯ
longɯtermɯifɯtheɯwallɯisɯnotɯproperlyɯdesignedɯforɯtheɯsoilɯandɯgroundwaterɯ
conditions,ɯearthquakeɯloading,ɯandɯappliedɯsurchargeɯloads.ɯɯɯ

Utilities
Numerousɯexistingɯaboveɪgradeɯandɯundergroundɯutilitiesɯwillɯbeɯimpactedɯ
byɯtheɯproject.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯsouthɯareaɯ
(seeɯSectionɯ5.2.1).ɯ

Foundations
LateralɯloadingɯofɯdrilledɯshaftsɯorɯCIPɯconcreteɯpilesɯlocatedɯnearɯexistingɯ
structuresɯmayɯresultɯinɯlateralɯloadingɯofɯbasementɯwallsɯandɯfoundations.ɯɯ
Lateralɯloadsɯonɯtheɯaerialɯstructureɯwillɯtranslateɯintoɯtheɯfoundationɯ
elements,ɯwhichɯwillɯresultɯinɯlateralɯloadsɯbeingɯappliedɯtoɯtheɯsoil.ɯɯInɯareasɯ
whereɯtheseɯfoundationɯelementsɯareɯcloseɯtoɯexistingɯstructures,ɯtheseɯlateralɯ
loadsɯcouldɯbeɯtransmittedɯtoɯexistingɯbasementɯwalls,ɯutilities,ɯfootings,ɯorɯ
piles,ɯresultingɯinɯdamageɯtoɯtheɯexistingɯstructures.ɯɯ

Shallowɯfootingsɯmayɯbeɯusedɯforɯsupportɯstructuresɯinɯsomeɯareas.ɯɯTheɯ
capacityɯofɯshallowɯspreadɯfootingɯfoundationsɯdependsɯonɯtheɯsubgradeɯsoils.ɯɯ
Ifɯfootingɯsubgradesɯareɯnotɯproperlyɯpreparedɯand/orɯcontainɯsoftɯorɯwetɯ
zones,ɯexcessiveɯsettlementɯofɯtheɯfootingɯcouldɯoccurɯonceɯloadingɯisɯapplied.ɯɯ
Spreadɯfootingsɯthatɯareɯlocatedɯadjacentɯtoɯexistingɯwalls,ɯutilities,ɯorɯotherɯ
structuresɯcouldɯresultɯinɯloadingɯandɯdamageɯtoɯtheɯadjacentɯfacilities.ɯɯ
Typically,ɯtheɯverticalɯloadɯonɯaɯfootingɯwillɯdistributeɯitselfɯsuchɯthatɯatɯaɯ
givenɯdepth,ɯloadɯfromɯtheɯfootingɯextendsɯoutɯaɯdistanceɯfromɯtheɯedgesɯofɯ
theɯfootingɯequalɯtoɯ50ɯtoɯ100ɯpercentɯofɯthatɯdepth.ɯɯIfɯtheɯadjacentɯfacilitiesɯ
areɯnotɯdesignedɯtoɯaccommodateɯthatɯadditionalɯload,ɯdamageɯcouldɯoccur.ɯ

Ground Improvement
LiquefactionɯbeneathɯtheɯaerialɯstructureɯfoundationsɯincludedɯinɯtheɯRebuildɯ
Alternativeɯwillɯbeɯmitigatedɯbyɯtheɯuseɯofɯgroundɯimprovementɯtechniques.ɯɯ
Impactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯsouthɯareaɯ(seeɯSectionɯ5.2.1).ɯ

5.2.3 North Waterfront – Pike Street to Myrtle Edwards Park 
Otherɯthanɯthoseɯalreadyɯdiscussedɯinɯtheɯpreviousɯsection,ɯnoɯotherɯstructuresɯ
areɯproposedɯforɯthisɯarea;ɯtherefore,ɯnoɯgeologyɪɯandɯsoilsɪrelatedɯimpactsɯareɯ
anticipated.ɯɯ
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5.2.4 North – Battery Street Tunnel to Ward Street 

No Improvements 
ForɯtheɯRebuildɯAlternative,ɯnoɯimprovementsɯareɯplannedɯnorthɯofɯtheɯBST;ɯ
therefore,ɯnoɯgeologyɪɯandɯsoilsɪrelatedɯimpactsɯareɯanticipated.ɯɯ

5.2.5 Seawall – S. King Street to Myrtle Edwards Park 

Rebuild
ForɯtheɯRebuildɯAlternative,ɯtheɯexistingɯseawallɯwillɯbeɯrebuiltɯfromɯS.ɯKingɯ
StreetɯtoɯBayɯStreetɯbyɯusingɯaɯcombinationɯofɯdrilledɯshaftsɯandɯjetɯgrouting.ɯɯ

Seismic Considerations
Inɯsomeɯareas,ɯtheɯsedimentsɯnearɯtheɯmudlineɯofɯElliottɯBayɯadjacentɯtoɯtheɯ
seawallɯareɯliquefiable.ɯɯLiquefactionɯofɯtheseɯsedimentsɯcouldɯresultɯinɯaɯ
lowerɯresistanceɯagainstɯslidingɯforɯtheɯrebuiltɯseawall.ɯɯThisɯcouldɯresultɯinɯ
lateralɯmovementɯofɯtheɯseawallɯandɯdamageɯtoɯutilities,ɯpavements,ɯandɯ
structuresɯlocatedɯbehindɯtheɯseawall.ɯɯThisɯisɯofɯparticularɯconcernɯinɯtheɯ
vicinityɯofɯPierɯ66,ɯwhereɯmaterialɯhasɯbeenɯlooselyɯplacedɯduringɯtheɯ
Belltown/DennyɯRegradeɯprojectɯinɯtheɯearlyɯ20thɯcenturyɯ(seeɯSectionɯ4.3).ɯɯɯ

Groundwater
Groundwaterɯmoundingɯmayɯoccurɯinlandɯofɯtheɯrebuiltɯseawallɯforɯtheɯ
RebuildɯAlternative.ɯɯGroundwaterɯbuildupɯmayɯbeɯgreaterɯthanɯ0.5ɯfootɯ
(relativeɯtoɯpreɪconstructionɯgroundwaterɯlevels)ɯalongɯtheɯwaterfrontɯ
betweenɯaboutɯPikeɯStreetɯandɯS.ɯWashingtonɯStreet,ɯextendingɯinlandɯtoɯ
aboutɯFourthɯAvenue.ɯɯBasedɯonɯsubsurfaceɯconditionsɯandɯsurfaceɯ
topography,ɯaɯmaximumɯgroundwaterɯbuildupɯofɯapproximatelyɯ3ɯtoɯ4ɯfeetɯ
couldɯoccurɯalongɯtheɯwaterfrontɯinɯtheɯvicinityɯofɯMadisonɯStreetɯandɯMarionɯ
Street.ɯɯWithinɯtheɯvicinityɯofɯtheɯseawall,ɯpotentialɯgroundwaterɯbuildupɯofɯ
thisɯmagnitudeɯwillɯbeɯwithinɯtheɯexistingɯgroundwaterɯfluctuationsɯresultingɯ
fromɯtidesɯinɯElliottɯBayɯthatɯhaveɯbeenɯobservedɯinɯshallowɯmonitoringɯwellsɯ
alongɯtheɯwaterfront.ɯɯɯ

Ground Improvement
Theɯjetɯgroutingɯthatɯwillɯbeɯperformedɯforɯtheɯrebuiltɯseawallɯwillɯnotɯfullyɯ
replaceɯtheɯpotentiallyɯliquefiableɯsoilɯpresentɯbehindɯtheɯseawall.ɯɯIfɯtheɯ
rebuiltɯseawallɯisɯnotɯproperlyɯdesignedɯtoɯretainɯliquefiedɯsoilsɯduringɯanɯ
earthquake,ɯlateralɯspreadingɯcouldɯoccur,ɯresultingɯinɯdamageɯtoɯfacilitiesɯ
locatedɯbehindɯtheɯseawall.ɯɯTheɯmagnitudeɯofɯthisɯlateralɯspreadingɯwillɯbeɯ
lessɯthanɯwhatɯcouldɯoccurɯforɯtheɯNoɯBuildɯAlternativeɯ(seeɯSectionɯ5.1).ɯ
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Inɯaddition,ɯalthoughɯgroundɯimprovementɯwillɯbeɯperformed,ɯliquefactionɯ
couldɯstillɯoccurɯoutsideɯtheɯimprovedɯzone.ɯɯDuringɯaɯseismicɯevent,ɯliquefiedɯ
soilɯcouldɯundergoɯlateralɯspreadingɯandɯapplyɯexternalɯlateralɯloadsɯonɯtheɯ
improvedɯblockɯofɯsoilɯbeneathɯtheɯviaduct,ɯMSEɯwalls,ɯorɯseawall.ɯɯIfɯtheseɯ
featuresɯareɯnotɯdesignedɯtoɯaccommodateɯtheɯadditionalɯloadsɯcausedɯbyɯthisɯ
phenomenon,ɯthenɯsettlementɯorɯlateralɯmovementɯcouldɯoccur.ɯ

5.3  Aerial Alternative 

TheɯAerialɯAlternativeɯwillɯincludeɯreplacementɯofɯtheɯexistingɯviaductɯwithɯaɯ
newɯaerialɯstructureɯalongɯtheɯwaterfrontɯthroughɯdowntown.ɯɯTheɯalignmentɯ
generallyɯfollowsɯtheɯexistingɯSRɯ99ɯalignmentɯfromɯS.ɯWalkerɯStreetɯinɯtheɯ
southɯendɯtoɯAuroraɯAvenueɯN.ɯatɯProspectɯStreetɯinɯtheɯnorthɯend.ɯɯThisɯ
alternativeɯalsoɯincludesɯupgradingɯtheɯBSTɯandɯrebuildingɯtheɯAlaskanɯWayɯ
Seawall.ɯɯTheɯAerialɯAlternativeɯincludesɯaɯstackedɯaerialɯstructureɯinɯtheɯ
southɯarea.ɯɯAnotherɯoptionɯforɯanɯatɪgradeɯstructureɯsimilarɯtoɯtheɯRebuildɯ
Alternativeɯ(seeɯSectionɯ5.2)ɯisɯalsoɯbeingɯconsideredɯforɯtheɯsouthɯarea.ɯɯTheɯ
AerialɯAlternativeɯwillɯbeɯdesignedɯandɯconstructedɯtoɯwithstandɯtheɯeffectsɯofɯ
aɯmajorɯearthquake.ɯɯRebuildingɯtheɯseawallɯwillɯmitigateɯtheɯeffectsɯofɯlateralɯ
spreadingɯofɯtheɯsubsurfaceɯsoilsɯonɯtheɯadjacentɯstructuresɯandɯutilitiesɯ
duringɯaɯmajorɯseismicɯevent.ɯɯɯ

TheɯAerialɯAlternativeɯwillɯbeɯdesignedɯbasedɯonɯavailableɯsubsurfaceɯ
information,ɯdesignɯprocedures,ɯcriteriaɯapprovedɯbyɯWSDOTɯandɯtheɯCityɯofɯ
Seattle,ɯandɯexistingɯsiteɯconditions.ɯɯIfɯsubsurfaceɯconditionsɯatɯtheɯsiteɯareɯ
differentɯfromɯthoseɯdisclosedɯduringɯtheɯfieldɯexplorations,ɯorɯifɯsiteɯ
conditionsɯchangeɯduringɯtheɯlifeɯofɯtheɯproject,ɯfutureɯimpactsɯtoɯtheɯsiteɯ
couldɯoccur.ɯɯɯ

5.3.1 South – S. Spokane Street to S. King Street 

Stacked Aerial 
TheɯroadwayɯforɯtheɯAerialɯAlternativeɯbeginsɯatɯaboutɯS.ɯStacyɯStreetɯwithɯanɯ
atɪgradeɯroadway.ɯɯTheɯnorthboundɯroadwayɯwillɯtransitionɯtoɯanɯaerialɯ
structureɯatɯS.ɯWalkerɯStreet,ɯandɯtheɯsouthboundɯroadwayɯwillɯtransitionɯtoɯ
anɯaerialɯstructureɯatɯS.ɯHolgateɯStreet.ɯɯFillɯembankmentsɯsupportedɯbyɯMSEɯ
wallsɯwillɯbeɯusedɯtoɯtransitionɯfromɯatɪgradeɯtoɯtheɯelevatedɯstructure.ɯɯTheɯ
aerialɯstructuresɯwillɯbeɯsupportedɯbyɯCIPɯconcreteɯpilesɯand/orɯdrilledɯshafts.ɯɯ
Theɯaerialɯstructuresɯwillɯtransitionɯfromɯsideɪbyɪside,ɯsingleɪlevelɯstructuresɯ
toɯaɯdoubleɪlevelɯstructureɯbetweenɯS.ɯHolgateɯStreetɯandɯS.ɯMassachusettsɯ
Street.ɯɯGroundɯimprovementɯconsistingɯofɯaɯcombinationɯofɯdeepɯsoilɯmixing,ɯ
jetɯgrouting,ɯand/orɯvibroɪreplacementɯ(stoneɯcolumns)ɯwillɯbeɯperformedɯ
aroundɯtheɯstructureɯfoundationsɯandɯtheɯportionsɯofɯtheɯapproachɯfillsɯ
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adjacentɯtoɯtheɯaerialɯstructuresɯfromɯtheɯbeginningɯofɯtheɯaerialɯstructureɯ
northɯtoɯS.ɯWashingtonɯStreet.ɯɯɯ

Seismic Considerations
Ifɯaɯseismicɯeventɯoccursɯduringɯtheɯlifeɯofɯtheɯproject,ɯtheɯstabilityɯofɯ
structuresɯandɯfillɯembankmentsɯcouldɯbeɯimpacted.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯ
thoseɯdiscussedɯforɯtheɯRebuildɯAlternativeɯ(seeɯSectionɯ5.2.1).ɯɯɯ

Groundwater
Groundwaterɯflowɯthroughɯgroundɯthatɯhasɯbeenɯimprovedɯmayɯbeɯimpactedɯ
dependingɯonɯtheɯtreatmentɯmethodɯused.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯthoseɯ
discussedɯforɯtheɯRebuildɯAlternativeɯ(seeɯSectionɯ5.2.1).ɯɯɯ

Erosion and Sediment Transport
Sedimentɯerosionɯintoɯsurfaceɯwaterɯcouldɯoccurɯduringɯtheɯoperationalɯlifeɯofɯ
theɯprojectɯifɯstormwaterɯrunoffɯisɯnotɯcontrolled.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯ
thoseɯdiscussedɯforɯtheɯRebuildɯAlternativeɯ(seeɯSectionɯ5.2.1).ɯɯɯ

Fill Embankments
TheɯAerialɯAlternativeɯincludesɯseveralɯfillɯembankmentsɯsupportedɯbyɯMSEɯ
walls.ɯɯSomeɯofɯtheɯfillsɯwillɯextendɯtoɯheightsɯofɯmoreɯthanɯ20ɯfeetɯandɯmayɯbeɯ
constructedɯinɯareasɯwhereɯsoftɯgroundɯisɯpresent.ɯɯGroundɯimprovementɯwillɯ
beɯperformedɯbeneathɯtheɯfillɯembankmentsɯforɯtheɯfirstɯ100ɯfeetɯofɯtheɯMSEɯ
wallɯapproachɯfill.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯRebuildɯ
Alternativeɯ(seeɯSectionɯ5.2.1).ɯ

Utilities
Numerousɯexistingɯaboveɪgradeɯandɯundergroundɯutilitiesɯwillɯbeɯimpactedɯ
byɯtheɯproject.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯRebuildɯ
Alternativeɯ(seeɯSectionɯ5.2.1).ɯ

Foundations
ImpactsɯforɯCIPɯpilesɯandɯdrilledɯshaftsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯ
theɯRebuildɯAlternativeɯ(seeɯSectionɯ5.2.1).ɯɯ

Ground Improvement
Liquefactionɯbeneathɯtheɯaerialɯstructureɯfoundationsɯandɯportionsɯofɯtheɯfillɯ
embankmentsɯincludedɯinɯtheɯAerialɯAlternativeɯwillɯbeɯmitigatedɯbyɯtheɯuseɯ
ofɯgroundɯimprovementɯtechniques.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯthoseɯ
discussedɯforɯtheɯRebuildɯAlternativeɯ(seeɯSectionɯ5.2.1).ɯ
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Option:  SR 99 At-Grade with SR 519 Elevated Ramps 
ThisɯoptionɯisɯsimilarɯtoɯwhatɯisɯbeingɯproposedɯforɯtheɯRebuildɯAlternative.ɯɯ
ImpactsɯwouldɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯRebuildɯAlternativeɯinɯ
Sectionɯ5.2.1.ɯ

5.3.2 Central – S. King Street to Battery Street Tunnel 

Stacked Side-by-Side Aerial 
StartingɯatɯaboutɯS.ɯAtlanticɯStreetɯandɯendingɯatɯtheɯBST,ɯlargeɪdiameterɯ
drilledɯshaftsɯwillɯlikelyɯbeɯusedɯtoɯsupportɯtheɯaerialɯstructure.ɯɯGroundɯ
improvementɯwillɯbeɯperformedɯaroundɯeachɯpileɯbentɯsouthɯofɯS.ɯWashingtonɯ
Street.ɯɯNewɯelevatedɯramps,ɯsupportedɯbyɯdrilledɯshaftɯfoundationsɯandɯwithɯ
MSEɯwallɯapproachɯfills,ɯwillɯbeɯconstructedɯtoɯS.ɯRoyalɯBroughamɯWayɯandɯS.ɯ
AtlanticɯStreet.ɯ

Operationɯimpactsɯwillɯbeɯrelatedɯtoɯseismicɯconsiderations,ɯerosionɯandɯ
sedimentɯtransport,ɯgroundwater,ɯfillɯembankments,ɯutilities,ɯfoundations,ɯ
andɯretainingɯwalls.ɯɯTheseɯimpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯ
RebuildɯAlternativeɯinɯthisɯareaɯ(seeɯSectionɯ5.2.2).ɯ

Groundɯimprovementɯwillɯbeɯperformedɯaroundɯeachɯbentɯofɯtheɯnewɯaerialɯ
structureɯsouthɯofɯS.ɯWashingtonɯStreetɯandɯalongɯportionsɯofɯtheɯapproachɯ
fills.ɯɯImpactsɯforɯtheɯAerialɯAlternativeɯwillɯbeɯsimilarɯtoɯthoseɯoutlinedɯforɯ
theɯRebuildɯAlternativeɯ(seeɯSectionɯ5.2.2).ɯɯɯ

5.3.3 North Waterfront – Pike Street to Myrtle Edwards Park 
TheɯAerialɯAlternativeɯincludesɯtheɯBroadɯStreetɯDetour,ɯusingɯBroadɯStreetɯ
andɯAlaskanɯWayɯasɯaɯdetourɯduringɯconstruction.ɯɯAnotherɯoption,ɯtheɯ
BatteryɯStreetɯFlyoverɯDetour,ɯwouldɯconstructɯaɯfourɪlane,ɯtemporaryɯbridgeɯ
thatɯwouldɯparallelɯtheɯexistingɯviaduct.ɯɯSinceɯtheseɯdetoursɯwouldɯonlyɯbeɯinɯ
operationɯduringɯconstructionɯofɯtheɯviaductɯproject,ɯnoɯoverallɯprojectɯ
operationɯimpactsɯareɯanticipated.ɯɯConstructionɯimpactsɯareɯpresentedɯinɯ
Chapterɯ6ɯ(Sectionɯ6.3.3).ɯ

5.3.4 North – Battery Street Tunnel to Ward Street 

Battery Street Tunnel Improvements 
TheɯAerialɯAlternativeɯincludesɯaɯfire/lifeɯsafetyɯupgradeɯtoɯtheɯBST.ɯɯTheɯ
upgradeɯtoɯtheɯBSTɯwillɯincludeɯextensionɯofɯbothɯportalsɯandɯconstructionɯofɯ
severalɯemergencyɯegresses,ɯfanɯenclosures,ɯandɯventɯstructures.ɯɯɯ

Shallowɯfoundationsɯmayɯbeɯusedɯtoɯsupportɯtheɯstructuresɯassociatedɯwithɯ
upgradingɯtheɯBST.ɯɯImpactsɯforɯshallowɯfoundationsɯwillɯbeɯsimilarɯtoɯthoseɯ
discussedɯforɯtheɯRebuildɯAlternativeɯ(seeɯSectionɯ5.2.2).ɯ
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Widened Mercer Underpass 
TheɯAerialɯAlternativeɯincludesɯreestablishingɯaɯportionɯofɯtheɯsurfaceɯstreetɯ
gridɯinɯtheɯSouthɯLakeɯUnionɯareaɯnorthɯofɯtheɯBST.ɯɯAtɯThomasɯStreet,ɯaɯ
singleɪspanɯoverpassɯstructureɯwillɯbeɯconstructedɯtoɯextendɯoverɯSRɯ99.ɯɯTheɯ
bridgeɯwillɯbeɯsupportedɯonɯfillɯembankmentsɯatɯtheɯabutments,ɯwhichɯwillɯbeɯ
retainedɯbyɯMSEɯwalls.ɯɯInɯaddition,ɯtheɯexistingɯboatɯsectionɯalongɯMercerɯ
Streetɯwillɯbeɯwidenedɯtoɯaccommodateɯadditionalɯtraffic.ɯɯAɯboatɯsectionɯisɯanɯ
openɪcut,ɯdepressedɯportionɯofɯroadwayɯthatɯisɯsealedɯfromɯtheɯgroundwaterɯ
table.ɯɯTheɯwidenedɯroadwayɯwillɯrequireɯanɯexcavationɯthatɯwillɯbeɯ
supportedɯbyɯsecantɯpileɯwalls.ɯɯInɯaddition,ɯtheɯexistingɯdepressedɯBroadɯ
StreetɯroadwayɯwillɯbeɯbackfilledɯbetweenɯFifthɯAvenueɯN.ɯandɯEighthɯ
AvenueɯN.ɯtoɯreestablishɯadditionalɯsurfaceɯstreetɯconnections.ɯ

TheɯwidenedɯboatɯsectionɯalongɯMercerɯStreetɯandɯconstructionɯofɯsecantɯpileɯ
wallsɯcouldɯcauseɯimpactsɯsuchɯasɯsettlementɯand/orɯlateralɯmovementsɯofɯ
adjacentɯexistingɯstructuresɯoverɯtheɯshortɯandɯlongɯterm.ɯɯProperɯdesignɯofɯtheɯ
wallsɯand/orɯunderpinningɯofɯtheɯexistingɯstructuresɯmayɯbeɯrequiredɯtoɯ
mitigateɯtheseɯimpacts.ɯ

Noɯoperationɯimpactsɯrelatedɯtoɯtheɯfillɯembankmentsɯareɯanticipated.ɯɯBasedɯ
onɯtheɯgeologicɯinformation,ɯtheɯfillɯembankmentsɯwillɯbeɯunderlainɯbyɯdenseɯ
glacialɯdepositsɯatɯshallowɯdepths.ɯɯAlthoughɯnotɯanticipated,ɯifɯareasɯofɯsoftɯ
soilɯareɯencountered,ɯimpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯfillɯ
embankmentsɯinɯtheɯsouthɯandɯcentralɯareasɯ(Sectionsɯ5.3.1ɯandɯ5.3.2).ɯ

Aɯlargeɯamountɯofɯfillɯwillɯbeɯplacedɯandɯcompactedɯintoɯtheɯcurrentɯ
depressedɯroadwayɯalongɯBroadɯStreet.ɯɯUseɯofɯunsuitableɯfillɯmaterialsɯ(suchɯ
asɯthoseɯcontainingɯdebrisɯandɯorganics),ɯfillɯplacementɯinɯwetɯconditions,ɯ
and/orɯimproperɯfillɯplacementɯandɯcompactionɯmethodsɯcouldɯresultɯinɯ
excessiveɯsettlementɯofɯtheɯsurfaceɯofɯtheɯfillɯoverɯtime.ɯɯNewɯroadwaysɯthatɯ
willɯreconnectɯtheɯsurfaceɯstreetsɯwillɯalsoɯsettleɯasɯtheɯfillɯsettles,ɯresultingɯinɯ
crackedɯpavementsɯandɯotherɯdamage.ɯ

Shallowɯfoundationsɯmayɯbeɯusedɯforɯsupportɯofɯnewɯbridges.ɯɯImpactsɯforɯ
shallowɯfoundationsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯRebuildɯ
Alternativeɯ(seeɯSectionɯ5.2.2).ɯ

Option:  Lowered Aurora/SR 99 
AnɯoptionɯofɯtheɯAerialɯAlternativeɯincludesɯreestablishingɯtheɯsurfaceɯstreetɯ
gridɯbyɯloweringɯtheɯroadwayɯgradeɯintoɯaɯboatɯsectionɯfromɯtheɯnorthɯendɯofɯ
theɯBSTɯtoɯaboutɯProspectɯStreet.ɯɯFiveɯnewɯbridgeɯoverpassɯstructuresɯwouldɯ
beɯconstructedɯtoɯreconnectɯtheɯsurfaceɯstreetsɯatɯMercerɯStreet,ɯThomasɯStreet,ɯ
HarrisonɯStreet,ɯRepublicanɯStreet,ɯandɯRoyɯStreet.ɯɯInɯaddition,ɯtheɯexistingɯ
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depressedɯBroadɯStreetɯroadwayɯwouldɯbeɯbackfilledɯbetweenɯFifthɯAvenueɯ
N.ɯandɯEighthɯAvenueɯN.ɯ

Thisɯoptionɯincludesɯpermanentɯretainingɯwallsɯforɯtheɯboatɯsectionɯnorthɯofɯ
theɯBST.ɯɯInɯaddition,ɯwallsɯmayɯbeɯconstructedɯforɯtheɯnewɯsupportɯbuildings.ɯɯ
Settlementɯandɯlateralɯmovementɯcouldɯoccurɯoverɯtheɯlongɯtermɯifɯtheɯwallsɯ
areɯnotɯproperlyɯdesignedɯforɯtheɯsoilɯandɯgroundwaterɯconditionsɯandɯ
appliedɯsurchargeɯloads.ɯɯɯ

Theɯdepthɯofɯtheɯwallsɯshouldɯbeɯproperlyɯdesignedɯsoɯthatɯenoughɯpassiveɯ
resistanceɯwouldɯbeɯobtainedɯbelowɯtheɯbaseɯofɯtheɯwallɯtoɯresistɯtheɯlateralɯ
earthɯpressuresɯandɯgroundwaterɯforcesɯbehindɯtheɯwall.ɯɯAlternatively,ɯtheɯ
useɯofɯtiebacksɯorɯinternalɯbracingɯcouldɯprovideɯadditionalɯlateralɯresistance,ɯ
andɯwallɯdepthsɯcouldɯbeɯdecreased.ɯɯSurchargeɯloadingɯdueɯtoɯadjacentɯ
structuresɯorɯroadwaysɯshouldɯalsoɯbeɯconsideredɯinɯtheɯwallɯdesign,ɯorɯ
adverseɯsettlementsɯandɯlateralɯmovementsɯcouldɯoccur.ɯɯThisɯgroundɯ
movementɯcouldɯcauseɯdamageɯtoɯutilities,ɯpavements,ɯandɯstructuresɯlocatedɯ
behindɯtheɯwall.ɯɯInɯaddition,ɯlateralɯmovementɯofɯtheɯwallɯmayɯcauseɯcracksɯ
toɯformɯthatɯwouldɯallowɯforɯmigrationɯofɯsoilɯandɯwaterɯthroughɯtheɯwall.ɯɯ
Thisɯwouldɯresultɯinɯdepositionɯofɯsoilɯandɯwaterɯontoɯtheɯroadway.ɯɯɯ

SomeɯareasɯofɯtheɯboatɯsectionɯnorthɯofɯtheɯBSTɯmayɯextendɯbelowɯtheɯ
groundwaterɯtable.ɯɯThisɯwouldɯresultɯinɯupliftɯpressuresɯ(dueɯtoɯbuoyancy)ɯ
onɯtheɯbaseɯofɯtheɯstructures.ɯɯIfɯtheɯdownwardɯforcesɯofɯtheɯstructure’sɯweightɯ
and/orɯtheɯupliftɯresistanceɯofɯtheɯstructureɯfoundationsɯdoɯnotɯadequatelyɯ
resistɯtheseɯupliftɯpressures,ɯcracksɯcouldɯdevelopɯandɯcreateɯpathwaysɯforɯ
groundwaterɯleakage.ɯɯGroundwaterɯcouldɯalsoɯleakɯintoɯstructuresɯthroughɯ
theɯjointsɯofɯconcreteɯpoursɯunlessɯmitigatedɯbyɯspecificɯdesignɯandɯ
constructionɯtechniques.ɯɯ

ThisɯoptionɯalsoɯincludesɯfillingɯBroadɯStreet.ɯɯImpactsɯwouldɯbeɯtheɯsameɯasɯ
thoseɯdiscussedɯinɯtheɯpreviousɯsection.ɯ

Shallowɯfoundationsɯmayɯbeɯusedɯforɯsupportɯbuildings.ɯɯImpactsɯforɯshallowɯ
foundationsɯwouldɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯRebuildɯAlternativeɯ
(seeɯSectionɯ5.2.2).ɯ

5.3.5 Seawall – S. King Street to Myrtle Edwards Park 

Rebuilt Seawall 
ForɯtheɯAerialɯAlternative,ɯtheɯexistingɯseawallɯwillɯbeɯrebuiltɯfromɯS.ɯKingɯ
StreetɯtoɯBayɯStreetɯbyɯusingɯaɯcombinationɯofɯdrilledɯshaftsɯandɯjetɯgrouting.ɯɯ
OperationɯimpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯRebuildɯ
Alternativeɯ(seeɯSectionɯ5.2.5).ɯɯ
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Option:  Seawall Frame 
TheɯtemporaryɯbridgeɯbeingɯconsideredɯinɯtheɯAerialɯAlternativeɯwouldɯbeɯ
locatedɯdirectlyɯaboveɯtheɯseawallɯinɯsomeɯareas.ɯɯAɯframeɯseawallɯsystemɯisɯ
alsoɯbeingɯconsideredɯtoɯrebuildɯtheɯseawall.ɯɯThisɯprovidesɯaɯsuitableɯ
foundationɯsupportɯforɯtheɯtemporaryɯbridgeɯoption.ɯɯTheɯexistingɯseawallɯ
wouldɯbeɯreplacedɯfromɯS.ɯKingɯStreetɯtoɯBayɯStreetɯbyɯconstructingɯaɯsecantɯ
pileɯwallɯplacedɯimmediatelyɯbehindɯtheɯoriginalɯseawallɯandɯconnectingɯitɯtoɯ
largeɪdiameterɯdrilledɯshaftsɯandɯaɯCIPɯTɪbeamɯdeckɯtoɯformɯaɯframeɯsystem.ɯɯɯ

Sinceɯgroundɯimprovementɯwouldɯnotɯbeɯperformedɯbehindɯtheɯwall,ɯdamageɯ
toɯexistingɯutilitiesɯandɯstructuresɯcouldɯoccurɯdueɯtoɯliquefaction.ɯɯWhileɯtheɯ
seawallɯwouldɯnotɯlikelyɯfailɯbecauseɯofɯtheɯnewɯframeɯstructureɯusedɯinɯtheɯ
rebuild,ɯsettlementɯdueɯtoɯliquefactionɯcouldɯoccurɯandɯdamageɯadjacentɯ
facilities.ɯɯInɯaddition,ɯliquefactionɯcouldɯresultɯinɯadditionalɯdownwardɯloadsɯ
beingɯappliedɯtoɯnewɯandɯexistingɯfoundationɯelements.ɯɯɯ

Settlementɯandɯlateralɯmovementɯcouldɯoccurɯoverɯtheɯlongɯtermɯifɯtheɯseawallɯ
frameɯstructureɯisɯnotɯproperlyɯdesignedɯforɯtheɯsoilɯandɯgroundwaterɯ
conditionsɯandɯappliedɯsurchargeɯloads.ɯɯTheɯdepthɯofɯtheɯwallɯshouldɯbeɯ
properlyɯdesignedɯsoɯthatɯenoughɯpassiveɯresistanceɯwouldɯbeɯobtainedɯbelowɯ
theɯbaseɯofɯtheɯwallɯtoɯresistɯtheɯlateralɯearthɯpressuresɯandɯgroundwaterɯ
forcesɯbehindɯtheɯwall.ɯɯSurchargeɯloadingɯdueɯtoɯadjacentɯstructuresɯorɯ
roadwaysɯshouldɯalsoɯbeɯconsideredɯinɯtheɯwallɯdesign,ɯorɯadverseɯsettlementsɯ
andɯlateralɯmovementsɯcouldɯoccur.ɯɯThisɯgroundɯmovementɯcouldɯcauseɯ
damageɯtoɯutilities,ɯpavements,ɯandɯstructuresɯlocatedɯbehindɯtheɯwall.ɯɯInɯ
addition,ɯlateralɯmovementɯofɯtheɯwallɯmayɯcauseɯcracksɯtoɯformɯthatɯwouldɯ
allowɯforɯmigrationɯofɯsoilɯandɯwaterɯthroughɯtheɯwall.ɯɯThisɯmovementɯcouldɯ
resultɯinɯsedimentɯtransferɯintoɯElliottɯBayɯandɯeventualɯerosionɯofɯsoilɯfromɯ
behindɯtheɯwall.ɯɯ

Groundwaterɯmoundingɯwouldɯoccurɯinlandɯalongɯtheɯsecantɯpileɯwall.ɯɯ
Estimatesɯofɯgroundwaterɯbuildupɯandɯimpactsɯwouldɯbeɯsimilarɯtoɯthoseɯ
describedɯforɯtheɯRebuildɯAlternative.ɯ

5.4  Tunnel Alternative 

TheɯTunnelɯAlternativeɯwillɯincludeɯaɯcombinationɯofɯaerialɯstructuresɯandɯ
cutɪandɪcoverɯtunnelsɯtoɯreplaceɯtheɯexistingɯviaductɯfromɯaboutɯS.ɯHanfordɯ
StreetɯtoɯMercerɯStreet,ɯnorthɯofɯtheɯBST.ɯɯTheɯalignmentɯgenerallyɯfollowsɯtheɯ
existingɯSRɯ99ɯalignment.ɯɯThisɯalternativeɯalsoɯincludesɯupgradingɯtheɯBSTɯ
andɯrebuildingɯtheɯAlaskanɯWayɯSeawall.ɯɯAnotherɯoptionɯforɯanɯatɪgradeɯ
structureɯsimilarɯtoɯtheɯRebuildɯandɯAerialɯAlternativesɯisɯalsoɯbeingɯ
consideredɯforɯtheɯsouthɯarea.ɯ
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TheɯTunnelɯAlternativeɯwillɯbeɯdesignedɯandɯconstructedɯtoɯwithstandɯtheɯ
effectsɯofɯaɯmajorɯearthquake.ɯɯRebuildingɯtheɯseawallɯwillɯmitigateɯtheɯeffectsɯ
ofɯlateralɯspreadingɯofɯtheɯsubsurfaceɯsoilsɯonɯtheɯexistingɯadjacentɯstructureɯ
andɯutilitiesɯduringɯaɯmajorɯseismicɯevent.ɯɯ

TheɯTunnelɯAlternativeɯwillɯbeɯdesignedɯbasedɯonɯavailableɯsubsurfaceɯ
information,ɯdesignɯprocedures,ɯcriteriaɯapprovedɯbyɯWSDOTɯandɯtheɯCityɯofɯ
Seattle,ɯandɯexistingɯsiteɯconditions.ɯɯIfɯsubsurfaceɯconditionsɯatɯtheɯsiteɯareɯ
differentɯfromɯthoseɯdisclosedɯduringɯtheɯfieldɯexplorations,ɯorɯifɯsiteɯ
conditionsɯchangeɯduringɯtheɯlifeɯofɯtheɯproject,ɯfutureɯimpactsɯtoɯtheɯsiteɯ
couldɯoccur.ɯɯɯ

5.4.1 South – S. Spokane Street to S. King Street 

At-Grade with SR 519 Elevated Ramps 
ThisɯalternativeɯisɯsimilarɯtoɯwhatɯisɯbeingɯproposedɯforɯtheɯRebuildɯ
Alternative.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯinɯSectionɯ5.2.1.ɯ

Option:  Side-by-Side Aerial 
TheɯroadwayɯforɯthisɯoptionɯwouldɯbeginɯatɪgradeɯfromɯS.ɯHanfordɯStreetɯtoɯS.ɯ
HolgateɯStreet.ɯɯFromɯthisɯlocation,ɯtheɯroadwayɯwouldɯtransitionɯtoɯaɯsingleɪ
levelɯaerialɯstructureɯtoɯcrossɯoverɯtheɯBNSFɯSeattleɯInternationalɯGatewayɯ
(SIG)ɯRailɯYard,ɯS.ɯAtlanticɯStreet,ɯandɯS.ɯRoyalɯBroughamɯWay.ɯɯAɯfillɯ
embankmentɯsupportedɯbyɯMSEɯwallsɯwouldɯbeɯusedɯtoɯtransitionɯfromɯtheɯ
atɪgradeɯroadwayɯtoɯtheɯaerialɯstructure.ɯɯDrilledɯshaftsɯwouldɯsupportɯtheɯ
aerialɯstructures.ɯɯGroundɯimprovementɯconsistingɯofɯaɯcombinationɯofɯdeepɯ
soilɯmixing,ɯjetɯgrouting,ɯand/orɯvibroɪreplacementɯ(stoneɯcolumns)ɯwouldɯbeɯ
performedɯaroundɯtheɯaerialɯstructureɯfoundationsɯandɯtheɯportionsɯofɯtheɯ
approachɯfillɯadjacentɯtoɯtheɯaerialɯstructureɯabutment.ɯɯRampsɯwouldɯextendɯ
toɯS.ɯHolgateɯStreet,ɯS.ɯAtlanticɯStreet,ɯS.ɯRoyalɯBroughamɯWay,ɯandɯAlaskanɯ
Way,ɯandɯwouldɯbeɯsupportedɯbyɯdrilledɯshaftsɯwithɯMSEɯwallɯapproachɯfills.ɯɯɯ

ImpactsɯforɯthisɯalternativeɯwouldɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯAerialɯ
Alternativeɯinɯthisɯareaɯ(seeɯSectionɯ5.3.1).ɯ

5.4.2 Central – S. King Street to Battery Street Tunnel 

Side-by-Side Tunnel and Side-by-Side Aerial 
NorthɯofɯS.ɯRoyalɯBroughamɯWay,ɯtheɯaerialɯstructureɯtransitionsɯbackɯtoɯaɯfillɯ
embankmentɯwithɯMSEɯwallsɯatɯeachɯside.ɯɯGroundɯimprovementɯwillɯbeɯ
performedɯforɯtheɯfirstɯ100ɯfeetɯofɯtheɯapproachɯfillsɯadjacentɯtoɯtheɯaerialɯ
structure.ɯɯAtɯaboutɯS.ɯDearbornɯStreetɯ(adjacentɯtoɯSafecoɯField),ɯtheɯroadwayɯ
descendsɯintoɯaɯboatɯsectionɯwithɯitsɯsidesɯsupportedɯbyɯdiaphragmɯwalls.ɯɯAɯ
diaphragmɯwallɯisɯconstructedɯusingɯdrilledɯshaftsɯ(secantɯorɯtangent)ɯand/orɯ
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slurryɯwallɯtechniquesɯtoɯformɯaɯcontinuousɯreinforcedɯconcreteɯwallɯthatɯ
providesɯlateralɯsupportɯandɯservesɯasɯanɯimpermeableɯbarrier.ɯɯTheɯboatɯ
sectionɯwillɯcontinueɯtoɯaboutɯS.ɯKingɯStreetɯwhereɯitɯtransitionsɯintoɯaɯsideɪbyɪ
side,ɯcutɪandɪcoverɯtunnel.ɯɯAɯrampɯfromɯS.ɯKingɯStreetɯwillɯextendɯdownɯtheɯ
centerɯofɯtheɯboatɯsectionɯonɯanɯMSEɪwallɪsupportedɯfillɯembankment.ɯɯɯ

TheɯcutɪandɪcoverɯtunnelɯwillɯextendɯfromɯS.ɯKingɯStreetɯtoɯaboutɯPikeɯStreet.ɯɯ
Diaphragmɯwallsɯwillɯbeɯusedɯtoɯsupportɯtheɯsidesɯofɯtheɯtunnel.ɯɯFromɯS.ɯ
KingɯStreetɯtoɯaboutɯYeslerɯWay,ɯtheɯtunnelɯwillɯshiftɯalignmentɯuntilɯmeetingɯ
theɯexistingɯseawallɯnorthɯofɯYeslerɯWay.ɯɯFromɯYeslerɯWayɯtoɯaboutɯPikeɯ
Street,ɯtheɯnewɯcutɪandɪcoverɯtunnelɯwillɯserveɯasɯtheɯreplacementɯforɯtheɯ
seawall.ɯɯBetweenɯS.ɯWashingtonɯStreetɯandɯYeslerɯWay,ɯtheɯwestɯwallɯforɯtheɯ
cutɪandɪcoverɯtunnelɯwillɯextendɯbeyondɯtheɯexistingɯseawallɯintoɯElliottɯBay.ɯɯ
Sinceɯtheɯeastɯhalfɯofɯtheɯcutɪandɪcoverɯtunnelɯwillɯbeɯlocatedɯalongɯtheɯ
existingɯviaductɯalignment,ɯtheɯtunnelɯwillɯbeɯconstructedɯinɯtwoɯphasesɯsoɯ
thatɯtrafficɯthroughɯtheɯareaɯcouldɯbeɯmaintained.ɯɯVentɯstructuresɯwillɯbeɯ
constructedɯinɯtheɯvicinityɯofɯS.ɯKingɯStreet,ɯYeslerɯWay,ɯSpringɯStreet,ɯandɯ
northɯofɯUnionɯStreet.ɯɯNoɯaccessɯrampsɯwillɯbeɯprovidedɯinɯthisɯarea.ɯ

BetweenɯPikeɯStreetɯandɯtheɯBST,ɯtheɯcutɪandɪcoverɯroadwayɯtransitionsɯtoɯaɯ
boatɯsection,ɯthenɯtoɯanɯMSEɪwallɪsupportedɯfillɯembankment,ɯandɯthenɯtoɯanɯ
aerialɯstructureɯconnectingɯtoɯtheɯBST.ɯɯTheɯtransitionɯthroughɯtheɯboatɯsectionɯ
willɯrequireɯaɯverticalɯcutɯintoɯtheɯexistingɯhillsideɯbelowɯtheɯviaduct.ɯɯThisɯcutɯ
willɯbeɯsupportedɯbyɯaɯretainingɯwallɯwithɯtiebacksɯextendingɯunderɯtheɯ
existingɯviaduct.ɯɯAnɯonɪrampɯandɯoffɪrampɯtoɯtheɯroadwayɯwillɯextendɯ
throughɯcutɪandɪcoverɯtunnelsɯfromɯUniversityɯStreetɯnorthɯuntilɯtheyɯascendɯ
throughɯboatɯsectionsɯtoɯconnectɯwithɯAlaskanɯWay.ɯɯLargeɪdiameterɯdrilledɯ
shaftsɯwillɯsupportɯtheɯaerialɯstructureɯsouthɯofɯtheɯBST.ɯ

Operationɯimpactsɯforɯtheɯaerialɯportionɯofɯtheɯstructureɯinɯthisɯareaɯandɯforɯ
seismicɯconsiderationsɯandɯsedimentɯtransportɯwillɯbeɯsimilarɯtoɯthoseɯ
discussedɯforɯtheɯAerialɯAlternativeɯ(seeɯSectionɯ5.3.2).ɯɯɯ

Portionsɯofɯtheɯcutɪandɪcoverɯtunnelsɯandɯboatɯsectionsɯwillɯextendɯbelowɯtheɯ
groundwaterɯtableɯandɯintoɯElliottɯBay.ɯɯThisɯwillɯresultɯinɯupliftɯpressuresɯ
(dueɯtoɯbuoyancy)ɯonɯtheɯbaseɯofɯtheɯstructures.ɯɯIfɯtheɯdownwardɯforcesɯofɯtheɯ
structure’sɯweightɯand/orɯtheɯupliftɯresistanceɯofɯtheɯstructureɯfoundationsɯdoɯ
notɯadequatelyɯresistɯtheseɯupliftɯpressures,ɯcracksɯcouldɯdevelopɯandɯcreateɯ
pathwaysɯforɯgroundwaterɯleakage.ɯɯGroundwaterɯcouldɯalsoɯleakɯintoɯ
structuresɯthroughɯtheɯjointsɯofɯconcreteɯpoursɯunlessɯmitigatedɯbyɯspecificɯ
designɯandɯconstructionɯtechniques.ɯɯ

Groundwaterɯmoundingɯwillɯoccurɯinlandɯalongɯtheɯboatɯsectionsɯandɯcutɪ
andɪcoverɯtunnels.ɯɯEstimatesɯofɯgroundwaterɯbuildupɯandɯimpactsɯwillɯbeɯ
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similarɯtoɯthoseɯdiscussedɯforɯtheɯseawallɯinɯtheɯRebuildɯAlternativeɯ(seeɯ
Sectionɯ5.2.5).ɯ

TheɯTunnelɯAlternativeɯincludesɯpermanentɯretainingɯwallsɯforɯtheɯcutɪandɪ
coverɯtunnels,ɯboatɯsections,ɯandɯventilationɯstructures.ɯɯSettlementɯandɯlateralɯ
movementɯcouldɯoccurɯoverɯtheɯlongɯtermɯifɯtheɯwallsɯareɯnotɯproperlyɯ
designedɯforɯtheɯsoilɯandɯgroundwaterɯconditionsɯandɯappliedɯsurchargeɯ
loads.ɯɯIfɯtheɯcutɪandɪcoverɯtunnelsɯand/orɯtheɯventilationɯstructuresɯareɯ
locatedɯadjacentɯtoɯexistingɯfacilities,ɯsettlementɯandɯlateralɯmovementɯofɯtheɯ
existingɯadjacentɯfacilitiesɯcouldɯoccur.ɯɯTheɯnewɯstructuresɯmustɯbeɯproperlyɯ
designedɯtoɯlimitɯtheseɯmovementsɯand/orɯtheɯadjacentɯexistingɯfacilitiesɯcouldɯ
beɯunderpinnedɯtoɯmitigateɯtheɯimpacts.ɯɯImpactsɯforɯretainingɯwallsɯwillɯbeɯ
similarɯtoɯthoseɯdiscussedɯforɯtheɯAerialɯAlternativeɯ(seeɯSectionɯ5.3.2).ɯ

5.4.3 North Waterfront – Pike Street to Myrtle Edwards Park 
TheɯTunnelɯAlternativeɯincludesɯtheɯuseɯofɯtheɯBroadɯStreetɯDetourɯduringɯ
construction.ɯɯAnotherɯoption,ɯtheɯBatteryɯStreetɯFlyoverɯDetour,ɯwouldɯ
constructɯaɯfourɪlane,ɯtemporaryɯbridgeɯthatɯwouldɯparallelɯtheɯexistingɯ
viaduct.ɯɯSinceɯtheseɯdetoursɯwouldɯonlyɯbeɯinɯoperationɯduringɯconstructionɯ
ofɯtheɯviaductɯproject,ɯnoɯoperationɯimpactsɯareɯanticipated.ɯɯConstructionɯ
impactsɯforɯtheseɯstructuresɯareɯpresentedɯinɯSectionɯ6.3.3.ɯ

5.4.4 North – Battery Street Tunnel to Ward Street 

Battery Street Tunnel Improvements 
TheɯTunnelɯAlternativeɯincludesɯaɯfire/lifeɯsafetyɯupgradeɯtoɯtheɯBST.ɯɯTheɯ
upgradeɯtoɯtheɯBSTɯwillɯincludeɯextensionɯofɯbothɯportalsɯandɯconstructionɯofɯ
severalɯemergencyɯegresses,ɯfanɯenclosures,ɯandɯventɯstructures.ɯɯOperationɯ
impactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯAerialɯAlternativeɯ(seeɯ
Sectionɯ5.3.4).ɯ

Widened Mercer Underpass 
TheɯTunnelɯAlternativeɯincludesɯreestablishingɯaɯportionɯofɯtheɯsurfaceɯstreetɯ
gridɯinɯtheɯSouthɯLakeɯUnionɯareaɯnorthɯofɯtheɯBST.ɯɯAtɯThomasɯStreet,ɯaɯ
singleɪspanɯoverpassɯstructureɯwillɯbeɯconstructedɯtoɯextendɯoverɯSRɯ99.ɯɯTheɯ
bridgeɯwillɯbeɯsupportedɯonɯfillɯembankmentsɯatɯtheɯabutments,ɯwhichɯwillɯbeɯ
retainedɯbyɯMSEɯwalls.ɯɯInɯaddition,ɯtheɯexistingɯboatɯsectionɯalongɯMercerɯ
Streetɯwillɯbeɯwidenedɯtoɯaccommodateɯadditionalɯtraffic.ɯɯTheɯwidenedɯ
roadwayɯwillɯrequireɯanɯexcavationɯthatɯwillɯbeɯsupportedɯbyɯsecantɯpileɯ
walls.ɯɯInɯaddition,ɯtheɯexistingɯdepressedɯBroadɯStreetɯroadwayɯwillɯbeɯ
backfilledɯbetweenɯFifthɯAvenueɯN.ɯandɯEighthɯAvenueɯN.ɯtoɯreestablishɯ
additionalɯsurfaceɯstreetɯconnections.ɯɯOperationɯimpactsɯwillɯbeɯtheɯsameɯasɯ
thoseɯdiscussedɯforɯtheɯAerialɯAlternativeɯ(seeɯSectionɯ5.3.4).ɯɯ
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5.4.5 Seawall – S. King Street to Myrtle Edwards Park 

Rebuild
ForɯtheɯTunnelɯAlternative,ɯtheɯexistingɯseawallɯwillɯbeɯrebuilt.ɯɯTheɯseawallɯ
willɯbeɯreplacedɯbyɯtheɯcutɪandɪcoverɯtunnelsɯbetweenɯS.ɯWashingtonɯStreetɯ
andɯPikeɯStreet.ɯɯTheɯremainderɯofɯtheɯseawallɯtoɯtheɯnorthɯwillɯbeɯreplacedɯbyɯ
usingɯaɯcombinationɯofɯdrilledɯshaftsɯandɯjetɯgrouting.ɯɯTheɯPierɯ48ɯbulkheadɯ
seawallɯwillɯbeɯreplacedɯusingɯaɯcombinationɯofɯdrilledɯshaftsɯandɯjetɯgrouting.ɯɯ
Operationɯimpactsɯforɯtheɯlatterɯsectionɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯ
theɯRebuildɯAlternativeɯ(seeɯSectionɯ5.2.5).ɯɯ

5.5  Bypass Tunnel Alternative 

TheɯBypassɯTunnelɯAlternativeɯwillɯincorporateɯmoreɯofɯtheɯsurfaceɯstreetsɯ
thanɯtheɯpreviousɯalternatives,ɯbutɯwillɯalsoɯincludeɯaerialɯstructures,ɯboatɯ
sections,ɯandɯcutɪandɪcoverɯtunnelsɯinɯseveralɯareas.ɯɯTheɯalignmentɯgenerallyɯ
followsɯtheɯexistingɯSRɯ99ɯalignmentɯandɯextendsɯfromɯaboutɯS.ɯHanfordɯ
StreetɯtoɯValleyɯStreet.ɯɯThisɯalternativeɯalsoɯincludesɯupgradingɯtheɯBSTɯandɯ
rebuildingɯtheɯAlaskanɯWayɯSeawall.ɯɯɯ

TheɯBypassɯTunnelɯAlternativeɯwillɯbeɯdesignedɯandɯconstructedɯtoɯwithstandɯ
theɯeffectsɯofɯaɯmajorɯearthquake.ɯɯRebuildingɯtheɯseawallɯwillɯmitigateɯtheɯ
effectsɯofɯlateralɯspreadingɯofɯtheɯsubsurfaceɯsoilsɯinɯtheɯexistingɯadjacentɯ
structuresɯandɯutilitiesɯduringɯaɯmajorɯseismicɯevent.ɯɯɯ

TheɯBypassɯTunnelɯAlternativeɯwillɯbeɯdesignedɯbasedɯonɯavailableɯsubsurfaceɯ
information,ɯdesignɯprocedures,ɯcriteriaɯapprovedɯbyɯWSDOTɯandɯtheɯCityɯofɯ
Seattle,ɯandɯexistingɯsiteɯconditions.ɯɯIfɯsubsurfaceɯconditionsɯatɯtheɯsiteɯareɯ
differentɯfromɯthoseɯdisclosedɯduringɯtheɯfieldɯexplorations,ɯorɯifɯsiteɯ
conditionsɯchangeɯduringɯtheɯlifeɯofɯtheɯproject,ɯfutureɯimpactsɯtoɯtheɯsiteɯ
couldɯoccur.ɯɯɯ

5.5.1 South – S. Spokane Street to S. King Street 

At-Grade with SR 519 Elevated Ramps 
TheɯmainɯroadwayɯforɯtheɯBypassɯTunnelɯAlternativeɯwillɯbeginɯatɪgradeɯfromɯ
S.ɯHanfordɯStreetɯtoɯjustɯnorthɯofɯS.ɯRoyalɯBroughamɯWay.ɯɯSeveralɯrampsɯ
alongɯthisɯsectionɯwillɯexitɯfromɯtheɯmainɯroadwayɯoverɯaɯfillɯembankmentɯ
transitioningɯtoɯanɯaerialɯstructure.ɯɯTheseɯrampsɯextendɯapproximatelyɯ
parallelɯtoɯtheɯexistingɯroadwayɯfromɯaboutɯS.ɯMassachusettsɯStreetɯtoɯnorthɯofɯ
S.ɯRoyalɯBroughamɯWay.ɯɯTheɯfillɯembankmentsɯonɯeitherɯsideɯofɯtheɯrampsɯ
areɯsupportedɯwithɯMSEɯwalls.ɯɯTheɯaerialɯstructureɯextendsɯfromɯaboutɯS.ɯ
AtlanticɯStreetɯtoɯS.ɯRoyalɯBroughamɯWayɯandɯwillɯbeɯsupportedɯbyɯlargeɪ
diameterɯdrilledɯshafts.ɯɯGroundɯimprovementɯwillɯbeɯperformedɯaroundɯtheɯ
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drilledɯshaftɯfoundationsɯandɯforɯtheɯfirstɯ100ɯfeetɯofɯeachɯMSEɯwallɯapproachɯ
fill.ɯɯOverpassɯstructuresɯsupportedɯonɯdrilledɯshaftɯfoundationsɯwillɯalsoɯbeɯ
constructedɯatɯS.ɯAtlanticɯStreetɯandɯS.ɯRoyalɯBroughamɯWay.ɯɯTheɯabutmentsɯ
ofɯtheseɯoverpassɯstructuresɯwillɯconsistɯofɯMSEɪwallɪsupportedɯfillɯ
embankments.ɯɯToɯtheɯwestɯofɯtheɯroadway,ɯtheseɯoverpassɯstructuresɯwillɯ
connectɯtoɯaɯroadwayɯthatɯallowsɯforɯferryɯtrafficɯgoingɯtoɯColmanɯDock.ɯɯThisɯ
atɪgradeɯsectionɯisɯsimilarɯtoɯwhatɯisɯbeingɯproposedɯforɯtheɯRebuildɯ
Alternative.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯinɯSectionɯ5.2.1.ɯɯ

ForɯtheɯwaterɯtreatmentɯfacilityɯnorthɯofɯS.ɯRoyalɯBroughamɯWayɯalongɯFirstɯ
AvenueɯS.,ɯliquefactionɯofɯtheɯsoilsɯadjacentɯtoɯtheɯtreatmentɯfacilityɯcouldɯ
occur.ɯɯThisɯcouldɯaffectɯtheɯlateralɯstabilityɯofɯtheɯundergroundɯfacilityɯduringɯ
anɯearthquakeɯandɯresultɯinɯcrackingɯofɯtheɯretainingɯwallsɯandɯsubsequentɯ
leakageɯofɯwater.ɯɯHigherɯporewaterɯpressuresɯinɯtheɯsoilɯmayɯalsoɯincreaseɯtheɯ
upliftɯforcesɯonɯtheɯstructure,ɯresultingɯinɯhigherɯloadsɯonɯtheɯfoundationsɯ
underɯtheɯbaseɯslab.ɯɯThisɯcouldɯresultɯinɯheaveɯandɯdamageɯofɯtheɯ
undergroundɯstructure.ɯɯTheɯfacilityɯwillɯbeɯsupportedɯbyɯdrilledɯshaftsɯorɯCIPɯ
concreteɯpilesɯtoɯresistɯupliftɯpressuresɯonɯtheɯbaseɯofɯtheɯundergroundɯfacility.ɯɯ
Impactsɯforɯinstallationɯofɯtheseɯfoundationsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯ
forɯtheɯRebuildɯAlternativeɯ(seeɯSectionɯ5.2.1).ɯ

5.5.2 Central – S. King Street to Battery Street Tunnel 

Side-by-Side Tunnel and Side-by-Side Aerial 
NorthɯofɯS.ɯRoyalɯBroughamɯWay,ɯtheɯmainɯroadwayɯwillɯdescendɯintoɯaɯboatɯ
sectionɯtoɯjustɯsouthɯofɯS.ɯKingɯStreet.ɯɯFromɯthisɯpointɯon,ɯtheɯroadwayɯwillɯbeɯ
inɯaɯcutɪandɪcoverɯtunnelɯsimilarɯtoɯtheɯTunnelɯAlternativeɯ(seeɯSectionɯ5.4.2).ɯɯ
TheɯcutɪandɪcoverɯtunnelɯwillɯextendɯtoɯjustɯnorthɯofɯUnionɯStreet.ɯɯ
Diaphragmɯwallsɯwillɯbeɯusedɯtoɯsupportɯtheɯsidesɯofɯtheɯtunnel.ɯɯFromɯS.ɯ
KingɯStreetɯtoɯaboutɯYeslerɯWay,ɯtheɯtunnelɯwillɯshiftɯalignmentɯuntilɯitɯmeetsɯ
theɯexistingɯseawallɯnorthɯofɯYeslerɯWay.ɯɯFromɯYeslerɯWayɯtoɯjustɯnorthɯofɯ
UnionɯStreet,ɯtheɯnewɯcutɪandɪcoverɯtunnelɯwillɯserveɯasɯtheɯreplacementɯforɯ
theɯseawall.ɯɯBetweenɯS.ɯMainɯStreetɯandɯYeslerɯWay,ɯtheɯwestɯwallɯforɯtheɯcutɪ
andɪcoverɯtunnelɯwillɯextendɯbeyondɯtheɯexistingɯseawallɯintoɯElliottɯBay.ɯɯTheɯ
cutɪandɪcoverɯtunnelɯforɯtheɯBypassɯTunnelɯAlternativeɯdoesɯnotɯcontainɯasɯ
manyɯtravelɯlanesɯasɯtheɯTunnelɯAlternativeɯandɯthereforeɯwillɯbeɯlocatedɯ
completelyɯwestɯofɯtheɯexistingɯviaduct.ɯɯVentɯstructuresɯwillɯbeɯconstructedɯinɯ
theɯvicinityɯofɯS.ɯJacksonɯStreet,ɯCherryɯStreet,ɯnorthɯofɯSpringɯStreet,ɯandɯ
northɯofɯUnionɯStreet.ɯɯNoɯaccessɯrampsɯwillɯbeɯprovidedɯinɯtheɯcutɪandɪcoverɯ
tunnelɯarea.ɯ

NorthɯofɯUnionɯStreet,ɯtheɯroadwayɯwillɯremainɯinɯaɯcutɪandɪcoverɯtunnelɯ
untilɯjustɯnorthɯofɯPikeɯStreet,ɯwhereɯitɯwillɯtransitionɯtoɯaɯboatɯsectionɯandɯ
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thenɯanɯaerialɯsectionɯextendingɯaboveɯtheɯexistingɯBNSFɯrailroadɯtracksɯandɯ
connectingɯtoɯtheɯBST.ɯɯTheɯtransitionɯthroughɯtheɯboatɯsectionɯwillɯrequireɯaɯ
verticalɯcutɯintoɯtheɯexistingɯhillsideɯbelowɯtheɯviaduct.ɯɯThisɯcutɯwillɯbeɯ
supportedɯbyɯaɯretainingɯwallɯwithɯtiebacksɯextendingɯunderɯtheɯexistingɯ
viaduct.ɯɯLargeɪdiameterɯdrilledɯshaftsɯwillɯsupportɯtheɯaerialɯstructureɯsouthɯ
ofɯtheɯBST.ɯɯAnɯexistingɯretainingɯwallɯadjacentɯtoɯtheɯBNSFɯrailroadɯtracksɯ
willɯbeɯrelocatedɯfartherɯbackɯintoɯtheɯslopeɯbelowɯtheɯviaductɯtoɯprovideɯ
accessɯforɯtheɯaerialɯstructure.ɯɯTheɯaerialɯstructureɯwillɯbeɯsupportedɯbyɯ
drilledɯshafts.ɯɯVentɯbuildingsɯwillɯbeɯconstructedɯinɯtheɯvicinityɯofɯVirginiaɯ
StreetɯandɯBellɯStreet.ɯ

Operationɯimpactsɯforɯtheɯaerialɯportionɯofɯtheɯstructureɯinɯthisɯareaɯandɯforɯ
seismicɯconsiderationsɯandɯerosionɯandɯsedimentɯcontrolɯwillɯbeɯsimilarɯtoɯ
thoseɯdiscussedɯforɯtheɯAerialɯAlternativeɯ(seeɯSectionɯ5.3.2).ɯɯOperationɯ
impactsɯforɯtheɯboatɯsections,ɯtunnelɯsections,ɯandɯventilationɯstructuresɯwillɯ
beɯsimilarɯtoɯthoseɯpresentedɯforɯtheɯTunnelɯAlternativeɯ(seeɯSectionɯ5.4.2).ɯ

Portionsɯofɯtheɯcutɪandɪcoverɯtunnelsɯandɯboatɯsectionsɯwillɯextendɯbelowɯtheɯ
groundwaterɯtableɯandɯintoɯElliottɯBay.ɯɯThisɯwillɯresultɯinɯupliftɯpressureɯ(dueɯ
toɯbuoyancyɯonɯtheɯbaseɯofɯtheɯstructures).ɯɯIfɯtheɯdownwardɯforcesɯofɯtheɯ
structure’sɯweightɯand/orɯtheɯupliftɯresistanceɯofɯtheɯstructureɯfoundationsɯdoɯ
notɯadequatelyɯresistɯtheseɯupliftɯpressures,ɯcracksɯcouldɯdevelopɯandɯcreateɯ
pathwaysɯforɯgroundwaterɯleakage.ɯɯGroundwaterɯcouldɯalsoɯleakɯintoɯ
structuresɯthroughɯtheɯjointsɯofɯconcreteɯpoursɯunlessɯmitigatedɯbyɯspecificɯ
designɯandɯconstructionɯtechniques.ɯ

Groundwaterɯmoundingɯwillɯoccurɯinlandɯalongɯtheɯboatɯsectionsɯandɯcutɪ
andɪcoverɯtunnels.ɯɯEstimatesɯofɯgroundwaterɯbuildupɯandɯimpactsɯwillɯbeɯ
similarɯtoɯthoseɯdiscussedɯforɯtheɯseawallɯinɯtheɯRebuildɯAlternativeɯ(seeɯ
Sectionɯ5.2.5).ɯɯɯ

AnɯaerialɯstructureɯwillɯbeɯlocatedɯaboveɯtheɯBNSFɯrailroadɯtracksɯsouthɯofɯtheɯ
BST.ɯɯIfɯtheɯaerialɯstructureɯandɯsurroundingɯgroundɯisɯnotɯdesignedɯproperly,ɯ
thenɯtheɯtracksɯcouldɯsettle.ɯɯThisɯcouldɯresultɯinɯinterruptionɯofɯrailɯserviceɯforɯ
aɯperiodɯofɯtime.ɯɯɯ

5.5.3 North Waterfront – Pike Street to Myrtle Edwards Park 
TheɯBypassɯTunnelɯAlternativeɯincludesɯuseɯofɯtheɯBroadɯStreetɯDetourɯduringɯ
construction.ɯɯAnotherɯoption,ɯtheɯBatteryɯStreetɯFlyoverɯDetour,ɯwouldɯ
constructɯaɯfourɪlane,ɯtemporaryɯbridgeɯthatɯwouldɯparallelɯtheɯexistingɯ
viaduct.ɯɯSinceɯtheseɯdetoursɯwouldɯonlyɯbeɯinɯoperationɯduringɯconstructionɯ
ofɯtheɯviaductɯproject,ɯnoɯoperationɯimpactsɯareɯanticipated.ɯɯConstructionɯ
impactsɯrelatedɯtoɯthisɯbridgeɯareɯpresentedɯinɯChapterɯ6.ɯ
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5.5.4 North – Battery Street Tunnel to Ward Street 

Battery Street Tunnel Improvements 
TheɯBypassɯTunnelɯAlternativeɯincludesɯaɯfire/lifeɯsafetyɯupgradeɯtoɯtheɯBST.ɯɯ
TheɯupgradeɯtoɯtheɯBSTɯwillɯincludeɯextensionɯofɯbothɯportalsɯandɯ
constructionɯofɯseveralɯemergencyɯegresses,ɯfanɯenclosures,ɯandɯventɯ
structures.ɯɯOperationɯimpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯAerialɯ
Alternativeɯ(seeɯSectionɯ5.3.4).ɯ

Widened Mercer Underpass 
TheɯBypassɯTunnelɯAlternativeɯincludesɯreestablishingɯaɯportionɯofɯtheɯsurfaceɯ
streetɯgridɯinɯtheɯSouthɯLakeɯUnionɯareaɯnorthɯofɯtheɯBST.ɯɯTheɯproposedɯ
improvementɯisɯtheɯsameɯasɯtheɯTunnelɯAlternative;ɯtherefore,ɯoperationɯ
impactsɯwillɯalsoɯbeɯtheɯsameɯ(seeɯSectionɯ5.4.4).ɯɯ

5.5.5 Seawall – S. King Street to Myrtle Edwards Park 

Rebuild
Asɯwithɯtheɯotherɯalternatives,ɯtheɯBypassɯTunnelɯAlternativeɯincludesɯ
replacementɯofɯportionsɯofɯtheɯseawall.ɯɯTheɯseawallɯwillɯbeɯreplacedɯbyɯtheɯ
cutɪandɪcoverɯtunnelsɯbetweenɯS.ɯWashingtonɯStreetɯandɯUnionɯStreet.ɯɯTheɯ
remainderɯofɯtheɯseawallɯtoɯtheɯsouthɯandɯnorthɯwillɯbeɯreplacedɯbyɯusingɯaɯ
combinationɯofɯdrilledɯshaftsɯandɯjetɯgroutingɯsimilarɯtoɯtheɯTunnelɯ
Alternativeɯ(seeɯSectionɯ5.4.5).ɯɯOperationɯimpactsɯwillɯbeɯtheɯsameɯasɯthoseɯ
presentedɯforɯtheɯTunnelɯAlternativeɯ(seeɯSectionɯ5.4.5).ɯ

5.6  Surface Alternative 

TheɯSurfaceɯAlternativeɯwillɯconsistɯofɯprimarilyɯatɪgradeɯroadwaysɯsouthɯofɯ
theɯBST.ɯɯNumerousɯrailroadɯfacilitiesɯwillɯrequireɯrelocationɯforɯconstructionɯ
ofɯthisɯalternative.ɯɯTheɯSurfaceɯAlternativeɯwillɯalsoɯincludeɯaerialɯstructures,ɯ
boatɯsections,ɯandɯcutɪandɪcoverɯtunnelsɯinɯsomeɯareas.ɯɯTheɯalignmentɯ
generallyɯfollowsɯtheɯexistingɯSRɯ99ɯalignmentɯandɯextendsɯfromɯaboutɯS.ɯ
HanfordɯStreetɯtoɯRoyɯStreet.ɯɯFromɯaboutɯsouthɯofɯS.ɯSpokaneɯStreetɯtoɯaboutɯ
S.ɯHanfordɯStreet,ɯtheɯexistingɯrailroadɯyardɯfacilitiesɯwillɯbeɯrevisedɯtoɯ
accommodateɯtheɯnewɯroadway.ɯɯThisɯalternativeɯalsoɯincludesɯupgradingɯtheɯ
BSTɯandɯrebuildingɯtheɯAlaskanɯWayɯSeawall.ɯɯɯ

RebuildingɯtheɯseawallɯinɯtheɯSurfaceɯAlternativeɯwillɯmitigateɯtheɯeffectsɯofɯ
lateralɯspreadingɯofɯtheɯsubsurfaceɯsoilsɯonɯtheɯexistingɯadjacentɯstructureɯandɯ
utilitiesɯduringɯaɯmajorɯseismicɯevent.ɯɯɯ

TheɯSurfaceɯAlternativeɯwillɯbeɯdesignedɯbasedɯonɯavailableɯsubsurfaceɯ
information,ɯdesignɯprocedures,ɯcriteriaɯapprovedɯbyɯWSDOTɯandɯtheɯCityɯofɯ
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Seattle,ɯandɯexistingɯsiteɯconditions.ɯɯIfɯsubsurfaceɯconditionsɯatɯtheɯsiteɯareɯ
differentɯfromɯthoseɯdisclosedɯduringɯtheɯfieldɯexplorations,ɯorɯifɯsiteɯ
conditionsɯchangeɯduringɯtheɯlifeɯofɯtheɯproject,ɯfutureɯimpactsɯtoɯtheɯsiteɯ
couldɯoccur.ɯɯɯ

5.6.1 South – S. Spokane Street to S. King Street 

At-Grade with SR 519 Elevated Ramps 
ThisɯatɪgradeɯsectionɯisɯsimilarɯtoɯwhatɯisɯbeingɯproposedɯforɯtheɯRebuildɯ
Alternative.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯinɯSectionɯ5.2.1.ɯ

Option:  SR 99 At-Grade with SR 519 Ramp Connections At-Grade 
TheɯmainɯroadwayɯforɯtheɯSurfaceɯAlternativeɯwouldɯbeɯatɪgradeɯfromɯS.ɯ
HanfordɯStreetɯtoɯjustɯnorthɯofɯPikeɯStreet.ɯɯAtɪgradeɯcrossingsɯwouldɯbeɯS.ɯ
AtlanticɯStreet,ɯS.ɯRoyalɯBroughamɯWay,ɯS.ɯKingɯStreet,ɯandɯseveralɯadditionalɯ
streetsɯtoɯtheɯnorth.ɯɯForɯferryɯaccess,ɯanɯaerialɯstructureɯwouldɯbeɯconstructedɯ
alongɯColumbiaɯStreetɯextendingɯoverɯtheɯatɪgradeɯroadway.ɯɯThisɯaerialɯ
structureɯwouldɯbeɯsupportedɯbyɯdrilledɯshaftsɯand/orɯCIPɯconcreteɯpiles.ɯɯ
Thisɯoptionɯincludesɯfeaturesɯthatɯareɯalsoɯincludedɯinɯotherɯalternatives.ɯɯ
Impactsɯforɯseismicɯconsiderations,ɯerosionɯandɯsedimentɯtransport,ɯfills,ɯandɯ
foundationsɯwouldɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯAerialɯAlternativeɯ
(seeɯSectionɯ5.3.1).ɯɯɯ

Thisɯalternativeɯalsoɯincludesɯaɯpermanentɯwaterɯtreatmentɯfacilityɯthatɯwouldɯ
beɯconstructedɯnorthɯofɯS.ɯRoyalɯBroughamɯWay.ɯɯImpactsɯrelatedɯtoɯtheɯwaterɯ
treatmentɯfacilityɯwouldɯbeɯsimilarɯtoɯthoseɯpresentedɯforɯtheɯRebuildɯandɯ
BypassɯTunnelɯAlternativesɯ(seeɯSectionɯ5.2.1ɯandɯSectionɯ5.5.1).ɯ

5.6.2 Central – S. King Street to Battery Street Tunnel 

At-Grade Signalized and Side-by-Side Aerial 
Theɯalignmentɯcontinuesɯatɪgradeɯthroughɯmostɯofɯthisɯarea.ɯɯTheɯexistingɯ
pedestrianɯbridgeɯalongɯMarionɯStreetɯwillɯbeɯrebuilt.ɯɯSenecaɯStreetɯwillɯbeɯ
connectedɯtoɯtheɯatɪgradeɯroadwayɯbyɯtheɯuseɯofɯanɯaerialɯstructureɯconnectingɯ
toɯaɯfillɯembankment,ɯextendingɯtoɯtheɯatɪgradeɯroadway.ɯɯMSEɯwallsɯwillɯ
supportɯtheɯfillɯembankment.ɯɯBetweenɯaboutɯPikeɯStreetɯandɯPineɯStreet,ɯtheɯ
roadwayɯgradeɯwillɯascendɯontoɯaɯfillɯembankmentɯsupportedɯbyɯMSEɯwalls.ɯɯ
Initially,ɯtheɯMSEɯwallɯwillɯbeɯlocatedɯalongɯtheɯeastɯsideɯofɯtheɯroadway,ɯbutɯ
asɯtheɯroadwayɯcurvesɯtoɯtheɯnortheast,ɯgradeɯchangesɯwillɯrequireɯanɯMSEɯ
wallɯonɯtheɯwestɯsideɯofɯtheɯroadwayɯonly.ɯɯFromɯjustɯsouthɯofɯPineɯStreet,ɯtheɯ
roadwayɯwillɯsplitɯandɯremainɯatɪgradeɯalongɯAlaskanɯWayɯandɯriseɯtoɯanɯ
aerialɯstructureɯextendingɯtowardsɯtheɯBST.ɯ
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TheɯaerialɯstructureɯnorthɯofɯPineɯStreetɯwillɯbeɯlocatedɯalongɯtheɯalignmentɯofɯ
theɯexistingɯviaductɯandɯbeɯsupportedɯbyɯlargeɪdiameterɯdrilledɯshafts.ɯɯAerialɯ
ramps,ɯsupportedɯbyɯdrilledɯshafts,ɯwillɯextendɯtoɯElliottɯAvenueɯnearɯ
BlanchardɯStreet.ɯɯBetweenɯBellɯStreetɯandɯBatteryɯStreet,ɯtheɯaerialɯstructureɯ
willɯconnectɯtoɯanɯMSEɯwallɯapproachɯfill,ɯwhichɯwillɯconnectɯtoɯtheɯexistingɯ
BST.ɯɯOperationɯimpactsɯforɯtheɯproposedɯfeaturesɯofɯtheɯSurfaceɯAlternativeɯ
willɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯAerialɯAlternativeɯ(seeɯSectionɯ5.3.2).ɯɯɯ

Asɯwithɯtheɯotherɯalternatives,ɯtheɯSurfaceɯAlternativeɯincludesɯseveralɯfillɯ
embankmentsɯ(upɯtoɯ20ɯfeetɯhigh)ɯsupportedɯbyɯMSEɯwalls.ɯɯTheɯfillɯ
embankmentsɯwillɯbeɯlocatedɯalongɯColumbiaɯStreetɯandɯSenecaɯStreet,ɯalongɯ
AlaskanɯWayɯbetweenɯPikeɯStreetɯandɯPineɯStreet,ɯandɯonɯtheɯapproachɯtoɯtheɯ
BST.ɯɯInɯmostɯofɯtheseɯlocations,ɯtheɯupperɯsoilsɯareɯnotɯasɯsoftɯasɯthoseɯlocatedɯ
southɯofɯYesler.ɯɯHowever,ɯsomeɯofɯtheɯexistingɯfillɯsoilsɯmayɯcontainɯsoftɯ
zones;ɯtherefore,ɯoperationɯimpactsɯdiscussedɯforɯtheɯRebuildɯAlternativeɯforɯ
fillɯembankmentsɯoverɯsoftɯsoilsɯwillɯbeɯpartiallyɯapplicableɯ(seeɯSectionɯ5.2.2).ɯɯ
However,ɯtheɯdegreeɯofɯtheseɯimpactsɯwillɯlikelyɯbeɯdiminished.ɯɯ

5.6.3 North Waterfront – Pike Street to Myrtle Edwards Park 
TheɯSurfaceɯAlternativeɯincludesɯuseɯofɯtheɯBroadɯStreetɯDetourɯduringɯ
construction.ɯɯSinceɯthisɯdetourɯwillɯonlyɯbeɯinɯoperationɯduringɯconstructionɯ
ofɯtheɯviaductɯproject,ɯnoɯoperationɯimpactsɯareɯanticipated.ɯ

5.6.4 North – Battery Street Tunnel to Ward Street 

Battery Street Tunnel Improvements 
SimilarɯtoɯtheɯTunnelɯAlternative,ɯtheɯSurfaceɯAlternativeɯincludesɯaɯfire/lifeɯ
safetyɯupgradeɯtoɯtheɯBST.ɯɯTheɯupgradeɯtoɯtheɯBSTɯwillɯinvolveɯextensionɯofɯ
bothɯportalsɯandɯconstructionɯofɯseveralɯemergencyɯegresses,ɯfanɯenclosures,ɯ
andɯventɯstructures.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯTunnelɯ
Alternativeɯ(seeɯSectionɯ5.4.4).ɯ

Widened Mercer Underpass 
TheɯSurfaceɯAlternativeɯincludesɯreestablishingɯaɯportionɯofɯtheɯsurfaceɯstreetɯ
gridɯinɯtheɯSouthɯLakeɯUnionɯareaɯnorthɯofɯtheɯBST.ɯɯTheɯproposedɯ
improvementɯisɯtheɯsameɯasɯtheɯAerialɯAlternative;ɯtherefore,ɯoperationɯ
impactsɯwillɯalsoɯbeɯtheɯsameɯ(seeɯSectionɯ5.3.4).ɯɯ

Option:  Existing SR 99 with Added Signals at Roy, Republican, and Harrison Streets 
Anotherɯoptionɯbeingɯconsideredɯincludesɯreestablishingɯaɯportionɯofɯtheɯ
surfaceɯstreetɯgridɯinɯtheɯSouthɯLakeɯUnionɯareaɯbyɯbackfillingɯtheɯexistingɯ
depressedɯBroadɯStreetɯroadwayɯfromɯFifthɯAvenueɯN.ɯtoɯEighthɯAvenueɯN.ɯɯ
SomeɯrealignmentɯofɯMercerɯStreetɯandɯRoyɯStreetɯwouldɯalsoɯbeɯperformedɯ
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alongɯtheɯeastɯsideɯofɯSRɯ99.ɯɯOperationɯimpactsɯwouldɯbeɯsimilarɯtoɯthoseɯ
discussedɯforɯtheɯAerialɯAlternativeɯ(seeɯSectionɯ5.3.4).ɯ

5.6.5 Seawall – S. King Street to Myrtle Edwards Park 
TheɯexistingɯseawallɯwillɯbeɯrebuiltɯfromɯS.ɯKingɯStreetɯtoɯBayɯStreetɯbyɯusingɯaɯ
combinationɯofɯdrilledɯshaftsɯandɯjetɯgrouting.ɯɯOperationɯimpactsɯwillɯbeɯtheɯ
sameɯasɯthoseɯpresentedɯforɯtheɯRebuildɯAlternativeɯ(seeɯSectionɯ5.2.5).ɯ

ɯ
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Chapter 6 CONSTRUCTION IMPACTS
Geologyɪɯandɯsoilsɪrelatedɯimpactsɯcausedɯbyɯtheɯproposedɯprojectɯwouldɯbeɯ
impactsɯtoɯexistingɯfeaturesɯ(structures,ɯutilities,ɯetc.)ɯalongɯtheɯprojectɯ
corridor.ɯɯTheɯmainɯtypesɯofɯstructuresɯincludedɯinɯtheɯproposedɯalternativesɯ
thatɯwouldɯhaveɯgeologyɪɯandɯsoilsɪrelatedɯimpactsɯincludeɯelevatedɯ
structures,ɯtunnels,ɯtheɯseawall,ɯfillɯembankments,ɯcutɯslopes,ɯwalls,ɯandɯ
upgradesɯtoɯexistingɯstructures.ɯɯImpactsɯrelatedɯtoɯhazardousɯmaterialsɯ
transportɯandɯdisposal,ɯcontaminantɯtransport,ɯandɯotherɯissuesɯrelatedɯtoɯ
potentialɯsoilɯandɯgroundwaterɯcontaminationɯareɯdiscussedɯinɯAppendixɯU,ɯ
HazardousɯMaterialsɯDisciplineɯReport.ɯ

Eachɯalternativeɯcontainsɯvariousɯoptionsɯforɯdifferentɯareasɯalongɯtheɯprojectɯ
alignment.ɯɯEachɯofɯtheɯalternativesɯandɯoptionsɯcontainsɯelementsɯthatɯareɯ
commonɯtoɯotherɯalternatives,ɯsuchɯasɯtheɯuseɯofɯdrilledɯshafts,ɯMSEɯwalls,ɯCIPɯ
concreteɯpiles,ɯgroundɯimprovement,ɯandɯotherɯgeotechnicalɪrelatedɯfeatures.ɯɯɯ

Constructionɯactivityɯimpactsɯoccurɯduringɯconstructionɯorɯwithinɯaɯshortɯtimeɯ
thereafterɯandɯdoɯnotɯexistɯinɯtheɯlongɯterm.ɯɯUnlessɯotherwiseɯnoted,ɯ
constructionɯimpactsɯapplyɯtoɯallɯareasɯwhereɯtheɯgeotechnicalɪrelatedɯfeatureɯ
willɯbeɯinstalledɯandɯmayɯapplyɯtoɯmoreɯthanɯoneɯalternative.ɯɯTheɯfollowingɯ
sectionsɯpresentɯdiscussionsɯofɯdifferentɯtypesɯofɯconstructionɯimpactsɯforɯeachɯ
alternativeɯandɯoption.ɯɯMitigationɯmeasuresɯforɯtheɯidentifiedɯimpactsɯareɯ
discussedɯinɯChapterɯ9.ɯ

6.1  No Build Alternative 

TheɯNoɯBuildɯAlternativeɯdoesɯnotɯincludeɯearthwork.ɯɯExistingɯfeaturesɯwillɯ
remain,ɯandɯnoɯrepairɯofɯtheɯexistingɯseawallɯorɯseismicɯupgradeɯofɯtheɯviaductɯ
willɯbeɯperformed.ɯɯTherefore,ɯnoɯconstructionɯactivityɯimpactsɯareɯ
anticipated.ɯɯɯ

6.2  Rebuild Alternative 

TheɯRebuildɯAlternativeɯincludesɯaɯcombinationɯofɯretrofittingɯandɯrebuildingɯ
theɯviaductɯandɯrebuildingɯtheɯseawall.ɯɯTheɯalignmentɯforɯtheɯRebuildɯ
AlternativeɯgenerallyɯfollowsɯtheɯexistingɯSRɯ99ɯalignmentɯfromɯsouthɯofɯS.ɯ
HolgateɯStreetɯtoɯnorthɯofɯtheɯBSTɯportalɯatɯJohnɯStreet.ɯɯ

TheɯRebuildɯAlternativeɯwillɯbeɯconstructedɯbasedɯonɯtheɯprojectɯplansɯusingɯ
BMPsɯappropriateɯforɯtheɯprojectɯ(WSDOTɯand/orɯCityɯofɯSeattle).ɯɯIfɯ
subsurfaceɯconditionsɯencounteredɯduringɯconstructionɯatɯtheɯsiteɯareɯdifferentɯ
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fromɯthoseɯassumedɯinɯtheɯdesign,ɯfutureɯunanticipatedɯimpactsɯtoɯtheɯsiteɯ
couldɯoccur.ɯ

6.2.1 South – S. Spokane Street to S. King Street 

At-Grade with SR 519 Elevated Ramps 
TheɯRebuildɯAlternativeɯbeginsɯatɯS.ɯHolgateɯStreetɯwithɯanɯatɪgradeɯroadway.ɯɯ
SRɯ519ɯwillɯextendɯoverɯtheɯatɪgradeɯroadway.ɯɯTheɯovercrossingɯwillɯbeɯ
supportedɯonɯCIPɯconcreteɯpilesɯand/orɯdrilledɯshafts.ɯɯMSEɯwallɯapproachɯ
fillsɯwillɯalsoɯbeɯconstructedɯforɯtheɯproposedɯramps.ɯɯGroundɯimprovementɯ
willɯbeɯperformedɯaroundɯexistingɯandɯproposedɯfoundationsɯandɯforɯtheɯfirstɯ
100ɯfeetɯofɯeachɯMSEɯwallɯapproachɯfill.ɯɯGroundɯimprovementɯmethodsɯthatɯ
mayɯbeɯusedɯincludeɯjetɯgrouting,ɯdeepɯsoilɯmixing,ɯandɯvibroɪreplacementɯ
(stoneɯcolumns).ɯɯ

Erosion and Sediment Transport
Allɯareasɯbeneathɯpavements,ɯfills,ɯandɯfoundationsɯwillɯbeɯclearedɯofɯallɯ
vegetationɯandɯdebrisɯandɯstrippedɯofɯorganicɯsoils.ɯɯTheɯdebrisɯresultingɯfromɯ
theseɯclearingɯactivitiesɯwillɯbeɯremovedɯfromɯtheɯarea.ɯɯTheɯpreparedɯgroundɯ
surfaceɯwillɯhaveɯhighɯerosionɯpotentialɯifɯexposedɯduringɯtheɯrainyɯseasonɯorɯ
inɯtheɯpresenceɯofɯsurfaceɯwater.ɯɯAnyɯareasɯthatɯareɯdisturbedɯduringɯ
constructionɯwillɯbeɯsubjectɯtoɯincreasedɯerosionɯifɯproperɯcontrolɯmeasuresɯ
areɯnotɯrequiredɯofɯtheɯcontractor.ɯɯɯ

Poorɯdrainageɯpracticesɯmayɯalsoɯcontributeɯtoɯtheɯsurfaceɯwaterɯflowɯandɯ
erosion.ɯɯTheɯsurfaceɯsoilɯcouldɯerodeɯandɯdrainɯintoɯstormwaterɯdrains,ɯintoɯ
ElliottɯBay,ɯorɯontoɯadjacentɯpropertiesɯorɯstreets.ɯɯTheɯsurfaceɯwaterɯflowɯ
couldɯalsoɯresultɯinɯdrainageɯofɯwaterɯintoɯexcavations,ɯwhichɯcouldɯcauseɯ
instabilityɯofɯtheɯexcavations.ɯɯTheɯamountɯofɯerosionɯandɯsedimentationɯwillɯ
dependɯonɯtheɯamountɯofɯsoilɯexposedɯand/orɯdisturbed,ɯweatherɯconditions,ɯ
groundwaterɯconditions,ɯandɯtheɯerosionɯcontrolɯmeasuresɯimplemented.ɯɯɯ

Withinɯconstructionɯareas,ɯtheɯtiresɯandɯtracksɯofɯheavyɯequipmentɯmayɯsinkɯ
intoɯtheɯsoftɯsurfaceɯsoilɯifɯnoɯworkɯpadɯisɯpresent.ɯɯTheɯtiresɯofɯtheɯ
constructionɯvehiclesɯcouldɯalsoɯcarryɯsoilɯontoɯroadwaysɯwhenɯleavingɯ
constructionɯareasɯandɯtravelingɯalongɯhaulɯroutes.ɯ

Existing Pavements, Tracks, and Utilities
Constructionɯtrafficɯmayɯcauseɯsettlement,ɯpotholes,ɯcracks,ɯandɯotherɯdamageɯ
toɯexistingɯroadways.ɯɯTheɯdegreeɯofɯdamageɯtoɯexistingɯpavementsɯwillɯ
dependɯonɯtheɯconditionɯofɯtheɯpavementɯsubgrade,ɯtheɯpavementɯsectionɯ
strength,ɯandɯtheɯweightɯofɯconstructionɯtraffic.ɯɯConstructionɯtrafficɯmayɯalsoɯ
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causeɯsettlement,ɯdisplacement,ɯandɯotherɯdamageɯtoɯexistingɯrailroadɯtracksɯ
atɯcurrentɯatɪgradeɯcrossings.ɯɯɯ

Numerousɯutilitiesɯwillɯbeɯrelocatedɯtoɯallowɯforɯconstructionɯofɯtheɯproject.ɯɯ
Installationɯofɯrelocatedɯutilitiesɯwillɯrequireɯtrenchingɯandɯdewatering.ɯɯ
Improperɯtrenchingɯandɯdewateringɯtechniquesɯcouldɯleadɯtoɯsettlementɯandɯ
lateralɯmovementɯofɯadjacentɯfacilities.ɯɯImpactsɯforɯexcavationsɯandɯ
dewateringɯareɯdiscussedɯinɯtheɯnextɯsection.ɯ

Excavations and Dewatering
Excavationsɯcouldɯbeɯaccomplishedɯforɯconstructionɯofɯfoundationɯelements.ɯɯ
Conventionalɯequipment,ɯincludingɯexcavatorsɯandɯbackhoes,ɯwillɯlikelyɯbeɯ
usedɯtoɯperformɯtheɯexcavation.ɯɯExcavationsɯcouldɯcauseɯsloughingɯofɯsoilsɯ
andɯlateralɯmovementɯorɯsettlementɯofɯnearbyɯexistingɯroadways,ɯrailways,ɯ
structures,ɯandɯutilitiesɯifɯproperɯshoringɯandɯdewateringɯtechniquesɯareɯnotɯ
used.ɯɯConstructionɯequipmentɯworkingɯadjacentɯtoɯexcavationsɯmayɯcauseɯ
groundɯmovementɯandɯdamageɯtoɯadjacentɯpavementsɯandɯutilities.ɯɯUtilitiesɯ
adjacentɯtoɯexcavationsɯcouldɯsettleɯorɯmoveɯhorizontallyɯasɯaɯresultɯofɯlateralɯ
stressɯreliefɯassociatedɯwithɯsoilɯremoval.ɯ

Inɯareasɯwhereɯexcavationsɯmayɯextendɯbelowɯtheɯgroundwaterɯtable,ɯerosionɯ
andɯinstabilityɯofɯexcavationɯsidesɯmayɯresult.ɯɯDewateringɯofɯsoilsɯwithinɯandɯ
belowɯexcavationsɯmayɯbeɯperformedɯtoɯcontrolɯinflow,ɯremoveɯwaterɯfromɯ
excavations,ɯandɯreduceɯhydraulicɯforcesɯthatɯcouldɯdestabilizeɯexcavations.ɯɯ
Removalɯofɯgroundwaterɯcouldɯcauseɯgroundɯsettlementɯtherebyɯimpactingɯ
nearbyɯroadways,ɯrailways,ɯstructures,ɯandɯutilities.ɯɯSettlementɯcouldɯalsoɯ
induceɯadditionalɯloadsɯonɯnearbyɯexistingɯfeatures.ɯɯWhereɯexistingɯ
structuresɯareɯfoundedɯonɯtimberɯpiles,ɯextendedɯgroundwaterɯloweringɯcouldɯ
contributeɯtoɯpileɯdecay.ɯ

Constructionɯdewateringɯwillɯnotɯimpactɯpublicɯorɯprivateɯgroundwaterɯ
supplies.ɯɯGroundwaterɯisɯnotɯusedɯasɯwaterɯsupplyɯinɯtheɯprojectɯarea.ɯɯNoɯ
wellhead,ɯaquiferɯprotection,ɯorɯsoleɯsourceɯaquiferɯplansɯexistɯinɯtheɯarea.ɯɯ
Handlingɯandɯdisposalɯofɯcontaminatedɯandɯcleanɯwaterɯisɯdiscussedɯinɯ
AppendixɯS,ɯWaterɯResourcesɯDisciplineɯReport.ɯ

Stockpiles and Spoils Disposal
Spoilsɯconsistɯofɯsoilɯorɯotherɯdebrisɯthatɯisɯremovedɯfromɯaɯconstructionɯ
activity.ɯɯBasedɯonɯtheɯRebuildɯAlternativeɯplans,ɯaboutɯ300,000ɯcubicɯyardsɯofɯ
materialɯwillɯbeɯgeneratedɯfromɯsiteɯdemolition,ɯexcavations,ɯfoundationɯ
installation,ɯandɯgroundɯimprovementɯactivitiesɯinɯtheɯsouthɯarea.ɯɯPotentialɯ
impactsɯresultingɯfromɯdisposalɯofɯspoilsɯincludeɯerosionɯandɯsedimentationɯ
whereɯexcavatedɯmaterialsɯareɯstoredɯonɯsiteɯorɯspilledɯduringɯtransport.ɯ
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SomeɯofɯtheɯsoilɯexcavatedɯforɯtheɯRebuildɯAlternativeɯcouldɯbeɯcontaminatedɯ
becauseɯitɯwillɯoriginateɯfromɯtheɯnearɪsurfaceɯmaterials.ɯɯAlongɯmostɯofɯtheɯ
projectɯcorridor,ɯtheɯnearɪsurfaceɯsoilsɯconsistɯofɯmanɪmadeɯfillɯthatɯcontainsɯ
debrisɯandɯpotentialɯcontaminants.ɯɯTherefore,ɯtheseɯsoilsɯcannotɯbeɯreusedɯasɯ
fillɯinɯotherɯareasɯofɯtheɯproject,ɯbutɯtheyɯmustɯbeɯtreatedɯandɯdisposedɯofɯ
accordingɯtoɯStateɯregulations.ɯɯDisposalɯandɯvolumeɯestimatesɯofɯtheseɯtypesɯ
ofɯsoilsɯareɯfurtherɯdiscussedɯinɯAppendixɯU,ɯHazardousɯMaterialsɯDisciplineɯ
Report.ɯɯNoncontaminatedɯsoilsɯmayɯbeɯusedɯasɯlandscapingɯfillɯforɯotherɯ
areasɯofɯtheɯproject.ɯɯSoilsɯthatɯwillɯbeɯsuitableɯforɯreuseɯasɯstructuralɯfillɯwillɯ
includeɯsandɯandɯgravelɯsoilsɯthatɯdoɯnotɯcontainɯorganicɯdebris,ɯdoɯnotɯhaveɯaɯ
largeɯamountɯofɯclayɯcontent,ɯareɯnotɯtooɯwet,ɯandɯdoɯnotɯcontainɯoversizeɯ
material.ɯɯ

Spoilsɯthatɯareɯtoɯbeɯusedɯasɯlandscapingɯfillɯorɯstructuralɯfillɯmayɯbeɯstoredɯinɯ
stockpilesɯatɯstagingɯareasɯlocatedɯalongɯtheɯprojectɯcorridor,ɯasɯfurtherɯ
discussedɯinɯAppendixɯB,ɯAlternativesɯDescriptionɯandɯConstructionɯMethodsɯ
TechnicalɯMemorandum.ɯɯImpactsɯofɯstockpilesɯmayɯincludeɯsettlementɯofɯtheɯ
areasɯusedɯtoɯstockpileɯtheɯspoilsɯandɯerosionɯandɯsedimentɯtransport.ɯɯ
Utilitiesɯandɯpavementɯbeneathɯstockpilesɯcouldɯbeɯdamagedɯdueɯtoɯ
settlementɯandɯlateralɯmovementɯcausedɯbyɯtheɯweightɯofɯtheɯstockpileɯ
materials.ɯɯIfɯtheɯstockpilesɯareɯnotɯsuitablyɯprotected,ɯsurfaceɯwaterɯerosionɯ
couldɯresultɯinɯdepositionɯofɯsedimentɯontoɯadjacentɯproperties,ɯstreets,ɯ
stormwaterɯdrains,ɯand/orɯElliottɯBay.ɯ

Spoilsɯthatɯareɯremovedɯfromɯtheɯsiteɯwillɯbeɯhauledɯinɯtrucks,ɯrailɯcars,ɯorɯ
bargesɯtoɯaɯpredeterminedɯdisposalɯsite.ɯɯDuringɯtransport,ɯspoilsɯcouldɯspill.ɯɯ
Transportɯofɯspoilsɯwillɯlikelyɯalsoɯresultɯinɯsomeɯdustɯdepositedɯonɯtheɯ
roadways,ɯrailɯcorridors,ɯand/orɯwater.ɯɯCoveringɯofɯloadsɯduringɯhaulingɯwillɯ
reduceɯtheɯdustɯgeneratedɯduringɯtransport.ɯɯɯ

Fill Embankments
SeveralɯfillɯembankmentsɯareɯincludedɯinɯthisɯareaɯforɯtheɯSRɯ519ɯovercrossing.ɯɯ
TheɯfillɯembankmentsɯwillɯbeɯconstructedɯusingɯMSEɯwallsɯtoɯretainɯtheɯ
embankmentɯsides.ɯɯBasedɯonɯtheɯavailableɯsiteɯgeologicɯinformation,ɯtheɯfillɯ
embankmentsɯcouldɯbeɯlocatedɯoverɯsoftɯground.ɯɯInɯsomeɯareas,ɯgroundɯ
improvementɯsuchɯasɯdeepɯsoilɯmixing,ɯjetɯgrouting,ɯorɯvibroɪreplacementɯ
(stoneɯcolumns)ɯwillɯbeɯperformedɯbeneathɯportionsɯofɯtheɯfillɯembankmentɯ
areasɯatɯabutmentsɯadjacentɯtoɯaerialɯstructures.ɯɯInɯareasɯwhereɯlargeɯ
thicknessesɯofɯsoftɯgroundɯareɯpresent,ɯtheɯsoilɯmayɯnotɯbeɯableɯtoɯsupportɯtheɯ
fillɯembankmentɯheight.ɯɯFailuresɯcouldɯoccurɯasɯtheɯfillɯisɯplacedɯandɯtheɯ
strengthɯofɯtheɯsoilɯisɯexceeded.ɯɯThisɯcouldɯresultɯinɯaɯrotationalɯfailureɯ
throughɯtheɯfillɯand/orɯaɯbearingɯcapacityɯfailureɯofɯtheɯentireɯfill,ɯdependingɯ
onɯtheɯsubsurfaceɯsoilɯconditionsɯandɯfillɯconfiguration.ɯɯɯ
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Foundations
Foundationsɯforɯtheɯnewɯviaductɯstructureɯinɯthisɯareaɯwillɯconsistɯofɯdrilledɯ
shaftsɯorɯCIPɯconcreteɯpiles.ɯɯSelectionɯofɯtheɯappropriateɯfoundationɯtypesɯtoɯ
supportɯnewɯstructuresɯandɯforɯretrofitɯofɯexistingɯstructuresɯwillɯdependɯonɯ
subsurfaceɯconditionsɯunderlyingɯtheɯstructures,ɯsiteɯconstraints,ɯandɯ
constructability.ɯɯOtherɯfactorsɯcouldɯalsoɯmakeɯsomeɯalternativesɯunpractical.ɯɯ
Forɯexample,ɯspaceɯconstraintsɯmayɯnotɯpermitɯconstructionɯofɯlargeɯpileɯcaps,ɯ
andɯvibrationɯand/orɯnoiseɯconcernsɯmayɯpreventɯtheɯuseɯofɯdrivenɯpiles.ɯɯɯ

Drilledɯshaftsɯconsistɯofɯreinforcedɯconcreteɯpilesɯthatɯareɯconstructedɯinɯ
drilledɯholesɯinɯtheɯground.ɯɯSpoilsɯareɯgeneratedɯbyɯremovalɯofɯtheɯsoilɯfromɯ
theɯdrilledɯhole.ɯɯTheɯholeɯwillɯremainɯstableɯasɯaɯresultɯofɯtemporaryɯcasingsɯ
and/orɯstabilizingɯdrillingɯfluid.ɯɯAfterɯtheɯholeɯisɯexcavated,ɯaɯreinforcementɯ
cageɯisɯloweredɯintoɯtheɯholeɯandɯtheɯholeɯisɯbackfilledɯwithɯconcrete.ɯɯ
Unstableɯsoilɯandɯunfavorableɯgroundwaterɯconditionsɯareɯpresentɯbelowɯtheɯ
groundɯsurfaceɯinɯnumerousɯlocationsɯalongɯtheɯalignment.ɯɯCavingɯorɯ
sloughingɯofɯsoilɯwithinɯopenɪholeɯexcavationsɯcouldɯimpactɯnearbyɯstructuresɯ
andɯutilities.ɯɯWhereɯunstableɯsoilɯorɯunfavorableɯgroundwaterɯconditionsɯareɯ
present,ɯorɯinɯareasɯwhereɯadjacentɯstructuresɯrequireɯprotection,ɯaɯcasingɯ
(withɯorɯwithoutɯstabilizingɯdrillingɯfluid)ɯcouldɯbeɯpushed,ɯvibrated,ɯorɯ
drivenɯintoɯtheɯholeɯtoɯsupportɯtheɯshaftɯsides.ɯɯNoiseɯandɯvibrationsɯ
associatedɯwithɯcasingɯinstallationɯcouldɯimpactɯnearbyɯpeople,ɯstructures,ɯ
andɯutilities.ɯɯInadequateɯsidewallɯsupportɯorɯheaveɯofɯtheɯbottomɯofɯtheɯholeɯ
couldɯalsoɯcauseɯsettlementɯofɯnearbyɯstructuresɯandɯutilities.ɯɯInɯareasɯwhereɯ
theɯshaftsɯareɯlocatedɯinɯorɯnearɯtheɯexistingɯwaterways,ɯmigrationɯofɯtheɯ
concreteɯintoɯtheɯwaterwayɯcouldɯoccurɯthroughɯopenɯsoilɯlayers.ɯɯɯ

CIPɯconcreteɯpilesɯareɯconstructedɯbyɯdrivingɯaɯclosedɪendɯsteelɯcasingɯintoɯtheɯ
groundɯandɯthenɯfillingɯtheɯsteelɯcasingɯwithɯreinforcedɯconcrete.ɯɯPileɯdrivingɯ
willɯresultɯinɯnoiseɯandɯvibrationɯimpactsɯtoɯpeople,ɯstructures,ɯandɯutilitiesɯ
nearɯtheɯpileɯdrivingɯactivities.ɯɯVibrationɯcausedɯbyɯdrivingɯpilesɯcouldɯresultɯ
inɯsettlementɯorɯlateralɯmovementɯofɯtheɯground,ɯslopeɯfailures,ɯand/orɯ
crackingɯorɯotherɯdamageɯtoɯadjacentɯstructures,ɯutilities,ɯandɯpavements.ɯɯ
Vibrationsɯcouldɯbeɯmadeɯworseɯbyɯtheɯpresenceɯofɯlogs,ɯpiles,ɯorɯotherɯdebrisɯ
withinɯtheɯfillɯsoilsɯalongɯtheɯwaterfront.ɯɯAlso,ɯvibrationsɯcouldɯincreaseɯifɯ
bouldersɯorɯveryɯdenseɯnativeɯsoilɯareɯencountered.ɯɯWhenɯtheɯpileɯencountersɯ
oneɯofɯtheseɯobstructionsɯduringɯdriving,ɯvibrationsɯcouldɯincreaseɯbecauseɯofɯ
harderɯdrivingɯandɯtheɯmovementɯofɯtheɯobstructionɯcausedɯbyɯtheɯpile.ɯɯThisɯ
couldɯalsoɯresultɯinɯincreasedɯgroundɯmovement.ɯɯInstallationɯofɯCIPɯandɯotherɯ
drivenɯpilesɯdoesɯnotɯgenerateɯspoilsɯbecauseɯtheɯsoilɯwillɯbeɯdisplacedɯ
laterallyɯandɯdensifiedɯasɯtheɯpileɯisɯdrivenɯintoɯtheɯground.ɯɯɯ
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Temporary Shoring
Temporaryɯshoringɯcouldɯbeɯrequiredɯforɯpileɯcapɯexcavations.ɯɯImproperɯorɯ
inadequateɯshoringɯconstructionɯorɯexcessiveɯdeformationɯofɯshoringɯcouldɯ
contributeɯtoɯsettlementɯorɯlateralɯgroundɯmovementɯthatɯcouldɯimpactɯnearbyɯ
facilities,ɯutilities,ɯandɯstructures.ɯɯInɯgeneral,ɯsoilɯnearɯshoringɯwallsɯcouldɯ
haveɯaɯsettlementɯmagnitudeɯequalɯtoɯaboutɯ50ɯtoɯ100ɯpercentɯofɯtheɯwallɯ
horizontalɯdisplacement.ɯɯVibrationɯmayɯalsoɯoccurɯdueɯtoɯinstallationɯofɯsomeɯ
shoringɯtypesɯsuchɯasɯsheetɯpiles.ɯɯConstructionɯequipmentɯworkingɯadjacentɯ
toɯtheɯtopɯofɯshoringɯwallsɯmayɯcauseɯwallɯmovementɯandɯgroundɯsettlementɯ
ifɯtheɯwallsɯareɯnotɯdesignedɯtoɯaccommodateɯtheɯconstructionɯloads.ɯ

Numerousɯretainingɯwallɯtypesɯcouldɯbeɯselectedɯtoɯretainɯsoilsɯaroundɯ
temporaryɯexcavations.ɯɯSomeɯretainingɯwallɯtypesɯincludeɯsheetɯpileɯwalls,ɯ
soldierɯpileɯandɯlaggingɯwalls,ɯsoilɯnailɯwalls,ɯandɯgravityɯwalls.ɯɯSoldierɯpileɯ
wallsɯcouldɯbeɯconstructedɯasɯcantileverɯwallsɯorɯbeɯsupportedɯusingɯtiebacksɯ
orɯbracing.ɯɯForɯallɯofɯtheseɯwallɯtypes,ɯexcessiveɯsettlementɯandɯgroundɯ
movementɯadjacentɯtoɯtheɯwallɯcouldɯoccurɯifɯtheɯwallɯisɯnotɯconstructedɯ
properly.ɯɯForɯexample,ɯgroundɯmovementɯcouldɯoccurɯifɯlooseɯsoilsɯorɯwetɯ
conditionsɯareɯencounteredɯwhenɯdrillingɯforɯtiebacksɯorɯsoilɯnails;ɯifɯstableɯ
excavationɯslopesɯareɯnotɯmadeɯduringɯinstallationɯofɯgravityɯwalls;ɯifɯtiebacksɯ
orɯbracesɯareɯnotɯproperlyɯinstalledɯandɯifɯtheyɯareɯnotɯinstalledɯatɯappropriateɯ
elevations;ɯorɯifɯexcavationɯforɯsoilɯnailɯliftsɯisɯnotɯproperlyɯperformed.ɯɯ
Excessiveɯsettlementɯandɯlateralɯdeformationɯcouldɯimpactɯorɯapplyɯloadsɯtoɯ
nearbyɯroadways,ɯrailways,ɯutilities,ɯandɯstructures.ɯɯDrillingɯtoɯinstallɯ
tiebacksɯandɯsoilɯnailsɯcouldɯdamageɯutilitiesɯandɯstructuresɯlocatedɯinɯtheɯ
vicinityɯofɯtheɯtieback/nail.ɯɯɯ

Ground Improvement
Groundɯimprovementɯwillɯbeɯperformedɯinɯandɯaroundɯportionsɯofɯtheɯfillɯ
embankmentsɯandɯfoundationsɯforɯtheɯSRɯ519ɯovercrossing.ɯɯGroundɯ
improvementɯcouldɯconsistɯofɯaɯcombinationɯofɯdeepɯsoilɯmixing,ɯjetɯgrouting,ɯ
andɯvibroɪreplacementɯ(stoneɯcolumns).ɯɯɯ

Jetɯgroutingɯisɯtypicallyɯperformedɯbyɯpushing,ɯdrilling,ɯorɯjettingɯaɯgroutɯpipeɯ
intoɯtheɯgroundɯtoɯtheɯdepthɯtoɯbeɯtreated,ɯandɯthenɯforcingɯwaterɯand/orɯairɯ
throughɯtheɯpipeɯtoɯerodeɯtheɯsoil.ɯɯSimultaneousɯwithɯtheɯwater/airɯerosionɯofɯ
soil,ɯcementɯgroutɯisɯinjectedɯtoɯmixɯwithɯandɯreplaceɯtheɯerodedɯsoil.ɯɯTheɯ
resultingɯmaterialɯisɯanɯengineeredɯgroutɯthatɯsolidifiesɯinɯsituɯtoɯbecomeɯsoilɯ
cement.ɯɯJetɯgroutɯcolumnsɯwillɯbeɯofɯvariableɯdiameters,ɯwithɯmoreɯerodibleɯ
sandsɯandɯsiltsɯformingɯaɯlargerɪdiameterɯcolumnɯ(upɯtoɯaboutɯ5ɯfeetɯinɯ
diameter)ɯthanɯlessɯerodibleɯclaysɯandɯglacialɯtillɯsoils.ɯɯIfɯtheɯjetɯgroutingɯ
processɯisɯnotɯproperlyɯcontrolled,ɯgapsɯinɯtheɯimprovedɯareaɯcouldɯoccurɯ
whenɯsoilsɯofɯlowɯerodibilityɯareɯencountered.ɯɯInɯaddition,ɯwhenɯobstructionsɯ
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suchɯasɯpilesɯorɯconcreteɯdebrisɯareɯencountered,ɯshadowingɯcanɯoccurɯ(i.e.,ɯ
theɯobstructionɯwillɯpartiallyɯblockɯtheɯextentɯofɯtheɯjetɯgrouting),ɯwhichɯwillɯ
resultɯinɯgapsɯinɯtheɯimprovedɯzone.ɯɯDependingɯonɯexistingɯsoilɯconditions,ɯ
methodsɯofɯconstruction,ɯandɯtheɯextentɯofɯtreated/untreatedɯground,ɯutilitiesɯ
andɯfoundationɯelementsɯmayɯsettleɯwhenɯjetɯgroutɯoperationsɯareɯperformedɯ
nearby.ɯɯJetɯgroutɯoperationsɯtypicallyɯproduceɯspoilɯvolumesɯequalɯtoɯaboutɯ
30ɯtoɯ50ɯpercentɯofɯtheɯvolumeɯofɯsoilɯtreated.ɯɯThisɯspoilɯwillɯconsistɯofɯaɯ
mixtureɯofɯerodedɯsoilɯandɯcementɯgroutɯthatɯisɯflushedɯtoɯtheɯgroundɯsurfaceɯ
duringɯjetɯgroutɯoperations.ɯɯIfɯnotɯproperlyɯcontained,ɯspoilɯmaterialɯmayɯ
migrateɯontoɯadjacentɯstreetsɯorɯproperties.ɯɯJetɯgroutɯoperationsɯwillɯnotɯ
produceɯlargeɯvibrations.ɯɯɯ

Deepɯsoilɯmixingɯisɯanɯinɯsituɯsoilɯmixingɯtechnologyɯthatɯmixesɯexistingɯsoilɯ
withɯcementɯgroutɯusingɯmixingɯshaftsɯconsistingɯofɯaugerɯcuttingɯheads,ɯ
discontinuousɯaugerɯflights,ɯandɯmixingɯpaddles.ɯɯTheɯmixingɯequipmentɯ
variesɯfromɯsingleɪɯtoɯeightɪshaftɯconfigurationsɯdependingɯonɯtheɯpurposeɯofɯ
theɯdeepɯmixing.ɯɯTooɯrapidɯadvanceɯorɯwithdrawalɯofɯtheɯdeepɯsoilɯmixingɯ
augersɯandɯinadequateɯcontrolɯofɯgroutɯpumpingɯratesɯcouldɯcauseɯheaveɯorɯ
settlementɯofɯnearbyɯgroundɯsurface,ɯutilities,ɯandɯstructures.ɯɯDependingɯonɯ
theɯequipmentɯandɯoperators,ɯdeepɯsoilɯmixingɯcouldɯproduceɯspoilɯequalɯtoɯ
aboutɯ25ɯtoɯ30ɯpercentɯofɯtheɯvolumeɯofɯsoilɯtreated.ɯɯThisɯspoilɯwillɯconsistɯofɯ
blendedɯsoilɯandɯcement.ɯɯIfɯnotɯproperlyɯcontained,ɯspoilɯmaterialɯmayɯ
migrateɯontoɯadjacentɯstreetsɯorɯpropertiesɯorɯintoɯElliottɯBay.ɯɯDeepɯsoilɯ
mixingɯoperationsɯwillɯnotɯproduceɯlargeɯvibrations.ɯɯ

Vibroɪreplacementɯmayɯbeɯperformedɯinɯareasɯwhereɯadequateɯoverheadɯ
roomɯandɯequipmentɯroomɯisɯavailable.ɯɯVibroɪreplacementɯisɯcommonlyɯ
referredɯtoɯasɯstoneɯcolumns.ɯɯStoneɯcolumnsɯareɯconstructedɯofɯcompactedɯ
stoneɯthatɯareɯusedɯtoɯreinforceɯandɯdensifyɯtheɯinɯsituɯsoil,ɯtherebyɯreducingɯ
liquefactionɯpotential.ɯɯStoneɯcolumnɯconstructionɯisɯaccomplishedɯbyɯ
downholeɯvibratoryɯmethodsɯusingɯaɯvibratoryɯprobeɯthatɯpenetratesɯtheɯ
ground,ɯeitherɯunderɯitsɯownɯweightɯorɯaidedɯbyɯwaterɯjetting.ɯɯVibrationsɯareɯ
generatedɯcloseɯtoɯtheɯtipɯofɯtheɯprobeɯandɯemanateɯradiallyɯawayɯfromɯit.ɯɯ
Stoneɯbackfillɯisɯintroducedɯinɯcontrolledɯlifts,ɯeitherɯfromɯtheɯsurfaceɯdownɯ
theɯannulusɯcreatedɯbyɯpenetrationɯofɯtheɯprobeɯ(topɯfeed)ɯorɯthroughɯfeederɯ
tubesɯdirectedɯtoɯtheɯtipɯofɯtheɯprobeɯ(bottomɯfeed).ɯɯCompactionɯofɯtheɯstoneɯ
backfillɯforcesɯtheɯstoneɯradiallyɯintoɯtheɯsurroundingɯinɯsituɯsoil,ɯformingɯaɯ
stoneɯcolumnɯthatɯisɯtightlyɯinterlockedɯwithɯtheɯsoil.ɯɯTheɯstoneɯcolumnɯandɯ
inɯsituɯsoilɯwillɯformɯanɯintegratedɯsystemɯwithɯhigherɯshearɯstrength,ɯlowerɯ
compressibility,ɯandɯlowerɯsusceptibilityɯtoɯliquefactionɯthanɯtheɯuntreatedɯ
soil.ɯɯInstallationɯofɯstoneɯcolumnsɯcouldɯaffectɯadjacentɯstructuresɯandɯutilitiesɯ
dueɯtoɯvibrations.ɯɯInɯaddition,ɯsettlementɯandɯlateralɯmovementsɯcausedɯbyɯ
theɯdensificationɯofɯtheɯgroundɯcouldɯaffectɯadjacentɯstructures.ɯɯDuringɯ
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installation,ɯifɯsoftɯsoilsɯareɯencountered,ɯaɯlargeɯamountɯofɯstoneɯmayɯbeɯ
requiredɯbeforeɯadequateɯinterlockingɯwithɯtheɯsoilɯisɯobtained.ɯɯIfɯ
obstructionsɯareɯencountered,ɯprogressɯofɯtheɯinstallationɯofɯtheɯstoneɯcolumnsɯ
couldɯbeɯimpeded.ɯ

Structuresɯandɯutilitiesɯthatɯareɯnotɯremovedɯfromɯtheɯgroundɯimprovementɯ
areaɯcouldɯbeɯdamagedɯdueɯtoɯvibrationsɯandɯsoilɯmovements.ɯɯInstallationɯofɯ
stoneɯcolumnsɯcouldɯcauseɯvibrationsɯthatɯcouldɯadverselyɯimpactɯbuildingsɯ
andɯutilities.ɯɯInstallationɯofɯdeepɯsoilɯmixingɯandɯjetɯgroutingɯcouldɯresultɯinɯ
increasedɯloadsɯandɯsoilɯmovementɯaroundɯutilitiesɯandɯstructureɯfoundations.ɯɯ
ReferɯtoɯAppendixɯB,ɯAlternativesɯDescriptionɯandɯConstructionɯMethodsɯ
TechnicalɯMemorandumɯforɯadditionalɯinformation.ɯ

Removal of Existing Structures
TheɯRebuildɯAlternativeɯincludesɯremovalɯofɯstructuresɯthatɯmayɯhaveɯvariousɯ
typesɯofɯfoundationɯelements.ɯɯIfɯdeepɯfoundationsɯareɯtoɯbeɯremoved,ɯ
vibrationɯtechniquesɯusedɯforɯremovalɯmayɯresultɯinɯdamageɯtoɯadjacentɯ
structuresɯandɯutilities,ɯdependingɯonɯtheɯsoilɯconditionsɯandɯproximity.ɯɯ
Excavationsɯrequiredɯtoɯremoveɯfoundationɯelementsɯwillɯhaveɯsimilarɯ
impactsɯasɯthoseɯdiscussedɯpreviouslyɯforɯexcavations.ɯɯIfɯfoundationɯelementsɯ
remainɯinɯplaceɯandɯareɯlocatedɯbeneathɯnewɯfeatures,ɯtheɯpresenceɯofɯtheɯ
foundationɯelementɯcouldɯcreateɯaɯhardɯspotɯthatɯwillɯaffectɯdifferentialɯ
settlementɯofɯnewɯfoundations,ɯfills,ɯutilities,ɯetc.ɯɯ

Construction Vibrations
Severalɯofɯtheɯproposedɯconstructionɯmethodsɯcouldɯcauseɯvibration,ɯ
includingɯpileɯdriving,ɯstoneɯcolumnɯinstallation,ɯandɯotherɯconstructionɯ
activities.ɯɯThisɯisɯdiscussedɯfurtherɯinɯAppendixɯF,ɯNoiseɯandɯVibrationɯ
DisciplineɯReport.ɯɯConstructionɯvibrationsɯgenerallyɯdecreaseɯexponentiallyɯ
withɯdistanceɯfromɯtheɯsource.ɯɯTheseɯvibrationsɯcouldɯcauseɯgroundɯ
settlementɯandɯdamageɯtoɯutilitiesɯandɯstructures.ɯ

6.2.2 Central – S. King Street to Battery Street Tunnel 

Rebuild and Retrofit 
NorthɯofɯColumbiaɯStreet,ɯtheɯexistingɯviaductɯwillɯbeɯrebuilt.ɯɯTheɯ
foundationsɯofɯtheɯrebuiltɯviaductɯwillɯconsistɯofɯCIPɯpilesɯand/orɯdrilledɯ
shaftsɯuntilɯjustɯnorthɯofɯPikeɯStreet.ɯɯNorthɯofɯPikeɯStreet,ɯlargeɪdiameterɯ
drilledɯshaftɯfoundationsɯwillɯbeɯusedɯtoɯsupportɯtheɯrebuiltɯviaductɯinɯsomeɯ
areasɯandɯretrofittingɯofɯexistingɯcolumnsɯwillɯbeɯperformedɯinɯotherɯareas.ɯɯ
Theɯexistingɯviaductɯretrofitɯmayɯincludeɯstrengtheningɯofɯsomeɯfoundationsɯ
usingɯfootingɯoverlays,ɯextensionsɯwithɯmicropiles,ɯorɯotherɯretrofitɯmethods.ɯɯ
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Groundɯimprovementɯmayɯbeɯperformedɯinɯsomeɯareasɯaroundɯexistingɯandɯ
proposedɯfoundations.ɯɯɯ

TheɯexistingɯrampsɯatɯColumbiaɯStreetɯandɯSenecaɯStreetɯcouldɯbeɯrebuiltɯorɯ
retrofittedɯandɯwillɯbeɯsupportedɯonɯCIPɯconcreteɯpilesɯand/orɯdrilledɯshafts.ɯɯ
TheɯElliottɯAvenueɯandɯWesternɯAvenueɯonɪɯandɯoffɪramps,ɯsouthɯofɯtheɯBST,ɯ
willɯbeɯrebuiltɯandɯsupportedɯbyɯdrilledɯshaftsɯandɯspreadɯfootings.ɯɯMSEɯwallɯ
approachɯfillsɯwillɯalsoɯbeɯconstructedɯforɯtheɯproposedɯramps.ɯ

Forɯmanyɯofɯtheɯfeaturesɯincludedɯinɯthisɯalternative,ɯconstructionɯimpactsɯwillɯ
beɯsimilarɯtoɯthoseɯdescribedɯforɯtheɯsouthɯareaɯ(seeɯSectionɯ6.2.1).ɯɯAdditionalɯ
impactsɯareɯdiscussedɯinɯtheɯfollowingɯparagraphs.ɯ

Erosion and Sediment Transport
Impactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯsouthɯareaɯ(seeɯSectionɯ6.2.1).ɯɯ
Becauseɯofɯtheɯslopingɯtopographyɯinɯtheɯcentralɯarea,ɯsurfaceɯwaterɯflowɯ
acrossɯexposedɯsoilɯcouldɯremoveɯsedimentɯandɯtransportɯitɯdownslope.ɯɯTheɯ
surfaceɯsoilɯcouldɯerodeɯandɯdrainɯintoɯstormwaterɯdrains,ɯintoɯElliottɯBay,ɯorɯ
ontoɯadjacentɯpropertiesɯorɯstreets.ɯɯTheɯsurfaceɯwaterɯflowɯcouldɯalsoɯresultɯinɯ
drainageɯofɯwaterɯintoɯexcavationsɯand/orɯontoɯslopes,ɯwhichɯcouldɯcauseɯ
instability.ɯɯTheɯamountɯofɯerosionɯandɯsedimentationɯwillɯdependɯonɯtheɯ
amountɯofɯsoilɯexposedɯand/orɯdisturbed,ɯweatherɯconditions,ɯgroundwaterɯ
conditions,ɯandɯtheɯerosionɯcontrolɯmeasuresɯimplemented.ɯɯɯ

Existing Pavements, Tracks, and Utilities
Impactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯsouthɯareaɯ(seeɯSectionɯ6.2.1).ɯɯɯɯɯ

Excavations and Dewatering
Impactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯsouthɯareaɯ(seeɯSectionɯ6.2.1).ɯɯɯ

Stockpiles and Spoils Disposal
Spoilsɯconsistɯofɯsoilɯorɯotherɯdebrisɯthatɯisɯremovedɯfromɯaɯconstructionɯ
activity.ɯɯBasedɯonɯtheɯRebuildɯAlternativeɯplans,ɯaboutɯ240,000ɯcubicɯyardsɯofɯ
materialɯwillɯbeɯgeneratedɯfromɯsiteɯdemolition,ɯexcavations,ɯandɯfoundationɯ
installationɯinɯtheɯcentralɯarea.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯ
theɯsouthɯareaɯ(seeɯSectionɯ6.2.1).ɯɯɯ

Fill Embankments
Severalɯfillɯembankmentsɯareɯincludedɯinɯthisɯarea.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯ
thoseɯdiscussedɯforɯtheɯsouthɯareaɯ(seeɯSectionɯ6.2.1).ɯɯHowever,ɯsinceɯtheɯ
depthɯofɯsoftɯsoilsɯinɯthisɯareaɯisɯless,ɯimpactsɯwillɯbeɯreduced.ɯɯɯ
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Cuts into Slopes
Whereɯconstructionɯrequiresɯcutsɯintoɯexistingɯslopes,ɯsoilsɯexposedɯinɯtheɯ
slopeɯexcavationsɯduringɯconstructionɯmayɯbeɯsusceptibleɯtoɯerosionɯuntilɯ
vegetationɯisɯestablished.ɯɯVegetationɯremovalɯcouldɯincreaseɯtheɯpotentialɯforɯ
erosionɯofɯexistingɯslopes.ɯɯNoɯmajorɯcutsɯareɯincludedɯinɯtheɯRebuildɯ
Alternative;ɯhowever,ɯcutsɯmayɯbeɯrequiredɯtoɯobtainɯaccess,ɯespeciallyɯforɯ
installationɯofɯfoundationsɯonɯtheɯhillsideɯbeneathɯtheɯviaductɯbetweenɯPikeɯ
StreetɯandɯBellɯStreet.ɯɯConstructionɯactivitiesɯandɯexcavationɯonɯorɯnearɯslopesɯ
couldɯresultɯinɯerosionɯandɯshallowɯsloughingɯonɯtheɯslopes.ɯɯDeepɪseatedɯ
landslidingɯisɯnotɯanticipatedɯbecauseɯofɯtheɯveryɯdenseɯglacialɯsoilsɯpresentɯ
nearɯtheɯsurfaceɯonɯtheɯslopes.ɯɯWhereɯtheɯcutsɯareɯnearɯexistingɯroadways,ɯ
railways,ɯstructures,ɯorɯutilities,ɯlateralɯmovementɯorɯsettlementɯofɯtheseɯ
structuresɯorɯutilitiesɯcouldɯoccur.ɯɯWhenɯmaterialɯisɯremovedɯfromɯtheɯtoeɯofɯaɯ
slopeɯorɯwhenɯexcavationsɯareɯmadeɯonɯslopes,ɯtheɯoverallɯstabilityɯofɯaɯslopeɯ
generallyɯdecreases.ɯɯFutureɯslopeɯinstabilityɯcouldɯresultɯinɯdepositɯofɯ
sedimentsɯonɯroadwaysɯandɯdamageɯtoɯfutureɯandɯexistingɯfacilities.ɯɯMoreɯ
importantly,ɯpeopleɯandɯequipmentɯdownslopeɯofɯtheɯslopeɯinstabilityɯcouldɯ
beɯadverselyɯaffected.ɯ

Temporary and Permanent Retaining Walls
Permanentɯandɯtemporaryɯretainingɯstructuresɯcouldɯbeɯrequiredɯforɯshoredɯ
excavations,ɯcutsɯintoɯslopes,ɯfoundationɯpreparationɯforɯnewɯbuildings,ɯandɯ
excavationsɯforɯventɯshaftsɯandɯemergencyɯegresses.ɯɯImproperɯorɯinadequateɯ
retainingɯwallɯconstructionɯorɯexcessiveɯdeformationɯofɯretainingɯwallsɯcouldɯ
contributeɯtoɯsettlementɯorɯlateralɯgroundɯmovementɯthatɯcouldɯimpactɯnearbyɯ
facilities,ɯutilities,ɯandɯstructures.ɯɯInɯgeneral,ɯsoilɯnearɯretainingɯwallsɯ
supportingɯcutsɯcouldɯhaveɯaɯsettlementɯmagnitudeɯequalɯtoɯaboutɯ50ɯtoɯ100ɯ
percentɯofɯtheɯwallɯhorizontalɯdisplacement.ɯ

Vibrationɯcausedɯbyɯdrivingɯofɯsheetɯpilesɯcouldɯdamageɯexistingɯroadways,ɯ
utilities,ɯandɯstructures.ɯɯConstructionɯequipmentɯworkingɯadjacentɯtoɯtheɯtopɯ
ofɯretainingɯwallsɯmayɯcauseɯwallɯmovementɯandɯgroundɯsettlementɯifɯtheɯ
retainingɯwallsɯareɯnotɯdesignedɯtoɯaccommodateɯtheɯconstructionɯloads.ɯ

Foundations
TheɯRebuildɯAlternativeɯinɯthisɯareaɯwillɯincludeɯfoundationsɯconsistingɯofɯ
shallowɯfootings,ɯdrilledɯshafts,ɯCIPɯconcreteɯpiles,ɯandɯmicropiles.ɯɯImpactsɯ
forɯdrilledɯshaftsɯandɯCIPɯconcreteɯpilesɯareɯsimilarɯtoɯthoseɯpresentedɯinɯtheɯ
southɯareaɯ(seeɯSectionɯ6.2.1).ɯɯɯ

Constructionɯimpactsɯforɯshallowɯfootingsɯareɯsimilarɯtoɯthoseɯpresentedɯforɯ
excavationsɯinɯgeneralɯ(seeɯSectionɯ6.2.1).ɯɯIfɯsoftɯsoilsɯareɯencounteredɯatɯtheɯ
proposedɯfootingɯsubgrade,ɯadditionalɯexcavationɯmayɯbeɯrequired.ɯɯThisɯ
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additionalɯexcavationɯmayɯaffectɯtheɯdesignɯofɯtheɯshoringɯwallɯsystemsɯusedɯ
forɯtheɯexcavationsɯandɯresultɯinɯmovementɯofɯbuildingsɯandɯutilitiesɯadjacentɯ
toɯtheɯexcavation.ɯ

MicropilesɯcouldɯbeɯusedɯinɯseveralɯareasɯonɯtheɯslopeɯsouthɯofɯtheɯBSTɯtoɯ
retrofitɯexistingɯviaductɯfoundations.ɯɯMicropilesɯareɯsmallɪdiameterɯ(lessɯthanɯ
12ɯinches),ɯdrilledɯandɯgroutedɯpilesɯthatɯareɯcentrallyɯreinforcedɯwithɯsteel.ɯɯ
Theɯvolumeɯofɯmaterialɯexcavatedɯforɯmicropileɯinstallationɯwillɯbeɯrelativelyɯ
small,ɯlessɯthanɯoneɯcubicɯfootɯperɯlinealɯfootɯofɯpile.ɯɯImproperɯinstallationɯofɯ
micropilesɯcouldɯaffectɯtheɯintegrityɯofɯtheɯexistingɯslopeɯandɯadjacentɯ
structures,ɯincludingɯtheɯexistingɯviaductɯstructure.ɯ

6.2.3 North Waterfront – Pike Street to Myrtle Edwards Park 
Otherɯthanɯthoseɯalreadyɯdiscussedɯinɯtheɯpreviousɯsectionɯandɯforɯtheɯseawallɯ
(seeɯSectionɯ6.2.5),ɯnoɯotherɯstructuresɯareɯproposedɯforɯthisɯarea;ɯtherefore,ɯnoɯ
geologyɪɯandɯsoilsɪrelatedɯimpactsɯareɯanticipated.ɯɯ

6.2.4 North – Battery Street Tunnel to Ward Street 

No Improvements 
ForɯtheɯRebuildɯAlternative,ɯnoɯimprovementsɯareɯplannedɯnorthɯofɯtheɯBST;ɯ
therefore,ɯnoɯgeologyɪɯandɯsoilsɪrelatedɯimpactsɯareɯanticipated.ɯɯ

6.2.5 Seawall – S. King Street to Myrtle Edwards Park 

Rebuild
ForɯtheɯRebuildɯAlternative,ɯtheɯexistingɯseawallɯwillɯbeɯrebuiltɯfromɯS.ɯKingɯ
StreetɯtoɯBayɯStreetɯbyɯusingɯaɯcombinationɯofɯdrilledɯshaftsɯandɯjetɯgrouting.ɯɯ
Manyɯofɯtheɯconstructionɯimpactsɯpreviouslyɯpresentedɯwillɯapplyɯtoɯtheɯ
proposedɯseawallɯconstruction.ɯɯTheɯfollowingɯsectionsɯreferɯtoɯpreviousɯ
sectionsɯandɯprovideɯadditionalɯconstructionɯimpactsɯspecificɯtoɯtheɯseawall.ɯ

Erosion and Sediment Transport
Impactsɯwillɯbeɯsimilarɯtoɯthoseɯforɯtheɯsouthɯandɯcentralɯareasɯ(seeɯSectionɯ
6.2.1ɯandɯSectionɯ6.2.2).ɯɯBecauseɯofɯtheɯproximityɯofɯtheɯseawallɯtoɯElliottɯBay,ɯ
materialɯmayɯbeɯdepositedɯinɯElliottɯBayɯduringɯconstruction.ɯɯɯ

Existing Pavements and Utilities
Becauseɯofɯtheɯextentɯofɯtheɯgroundɯimprovementɯbeingɯperformedɯtoɯrebuildɯ
theɯseawall,ɯexistingɯpavementsɯandɯutilitiesɯmayɯbeɯimpacted.ɯɯConstructionɯ
trafficɯandɯvibrationɯmayɯcauseɯsettlement,ɯpotholes,ɯcracks,ɯandɯotherɯ
damageɯtoɯexistingɯadjacentɯroadways.ɯɯTheɯdegreeɯofɯdamageɯtoɯexistingɯ
pavementsɯwillɯdependɯonɯtheɯconditionɯofɯtheɯpavementɯsubgrade,ɯtheɯ
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pavementɯsectionɯstrength,ɯandɯtheɯweightɯofɯconstructionɯtraffic.ɯɯ
Compaction,ɯdisplacement,ɯorɯloadingɯofɯgroundɯnearɯpiles,ɯshafts,ɯ
excavations,ɯretainingɯstructures,ɯandɯimprovedɯgroundɯcouldɯdisplaceɯorɯ
applyɯloadsɯtoɯnearbyɯutilities.ɯɯ

Excavations and Dewatering
Majorɯexcavationsɯandɯdewateringɯforɯtheɯseawallɯareɯnotɯanticipated;ɯ
however,ɯsmallɯexcavationsɯmayɯbeɯrequiredɯforɯinstallationɯofɯtheɯproposedɯ
upperɯgravityɯwall.ɯɯConventionalɯequipment,ɯincludingɯexcavatorsɯandɯ
backhoes,ɯwillɯlikelyɯbeɯusedɯtoɯperformɯtheɯexcavation.ɯɯPilesɯandɯportionsɯofɯ
theɯoldɯseawallɯmayɯimpedeɯtheɯexcavationɯinɯsomeɯareas.ɯɯExcavationsɯcouldɯ
causeɯsloughingɯofɯsoilsɯandɯlateralɯmovementɯorɯsettlementɯofɯnearbyɯexistingɯ
roadwaysɯandɯutilitiesɯifɯproperɯslopingɯorɯshoringɯtechniquesɯareɯnotɯused.ɯɯ
Constructionɯequipmentɯworkingɯadjacentɯtoɯexcavationsɯmayɯcauseɯgroundɯ
movementɯandɯdamageɯtoɯadjacentɯpavementsɯandɯutilities.ɯɯUtilitiesɯadjacentɯ
toɯexcavationsɯcouldɯsettleɯorɯmoveɯhorizontallyɯasɯaɯresultɯofɯlateralɯstressɯ
reliefɯassociatedɯwithɯsoilɯremoval.ɯ

Stockpiles and Spoils Disposal
Spoilsɯconsistɯofɯsoilɯthatɯisɯremovedɯfromɯaɯconstructionɯactivity.ɯɯBasedɯonɯ
theɯproposedɯseawallɯrebuild,ɯaboutɯ220,000ɯcubicɯyardsɯofɯmaterialɯwillɯbeɯ
generatedɯfromɯexcavationɯandɯjetɯgroutingɯactivitiesɯforɯtheɯseawall.ɯɯImpactsɯ
areɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯsouthɯareaɯ(seeɯSectionɯ6.2.1).ɯɯɯ

Mostɯofɯtheɯmaterialɯgeneratedɯwillɯnotɯbeɯsuitableɯforɯreuseɯasɯfillɯinɯotherɯ
areasɯbecauseɯitɯcouldɯbeɯcontaminatedɯorɯtooɯwet.ɯɯSomeɯofɯtheɯsoilɯexcavatedɯ
couldɯbeɯcontaminatedɯbecauseɯitɯwillɯoriginateɯfromɯtheɯnearɪsurfaceɯ
materials.ɯɯInɯaddition,ɯtheseɯsoilsɯmayɯcontainɯnumerousɯpiles,ɯlogs,ɯandɯotherɯ
woodɯdebris.ɯɯAlongɯmostɯofɯtheɯprojectɯcorridor,ɯtheɯnearɪsurfaceɯsoilsɯconsistɯ
ofɯmanɪmadeɯfillɯthatɯcontainsɯdebrisɯandɯpotentialɯcontaminants.ɯɯTherefore,ɯ
theseɯsoilsɯcannotɯbeɯreusedɯasɯfillɯinɯotherɯareasɯofɯtheɯproject,ɯbutɯtheyɯmustɯ
beɯtreatedɯandɯdisposedɯofɯaccordingɯtoɯStateɯregulations.ɯɯDisposalɯofɯtheseɯ
typesɯofɯsoilsɯisɯfurtherɯdiscussedɯinɯAppendixɯU,ɯHazardousɯMaterialsɯ
DisciplineɯReport.ɯɯɯ

Retaining Walls
Gravityɯretainingɯwallsɯcouldɯbeɯconstructedɯtoɯretainɯpermanentɯslopesɯbyɯ
excavatingɯmaterialɯbeyondɯtheɯlimitsɯofɯtheɯfinalɯstructure,ɯconstructingɯtheɯ
wall,ɯandɯbackfillingɯbehindɯit.ɯɯTheɯrebuiltɯseawallɯwillɯessentiallyɯactɯasɯaɯ
gravityɯwallɯdueɯtoɯtheɯjetɯgroutingɯimprovement.ɯɯAɯtemporaryɯgravityɯwallɯ
willɯbeɯconstructedɯtoɯretainɯsoilɯaboveɯtheɯimprovedɯgroundɯareaɯbehindɯtheɯ
seawallɯduringɯconstruction.ɯɯThisɯwallɯcouldɯextendɯbelowɯtheɯgroundwaterɯ
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table.ɯɯImproperɯdesignɯandɯconstructionɯcouldɯresultɯinɯwallɯmovementɯandɯ
impactɯtheɯexistingɯstructures,ɯutilities,ɯandɯpavementsɯbehindɯtheɯwall.ɯ

Ground Improvement
Jetɯgroutingɯwillɯbeɯperformedɯbehindɯtheɯexistingɯseawallɯtoɯrebuildɯtheɯ
seawallɯandɯmitigateɯliquefaction.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯ
forɯtheɯsouthɯareaɯ(seeɯSectionɯ6.2.1).ɯɯInɯareasɯwhereɯextensiveɯdebris,ɯsuchɯasɯ
logsɯandɯconcrete,ɯisɯpresent,ɯsomeɯsubsurfaceɯzonesɯmayɯnotɯbeɯadequatelyɯ
improvedɯbecauseɯofɯtheɯpresenceɯofɯtheseɯnonɪerosiveɯmaterialsɯ(shadowingɯ
effect).ɯɯɯ

Groutɯinjectedɯintoɯtheɯsoilɯmayɯalsoɯtravelɯthroughɯopenɯsoilɯlayersɯorɯ
throughɯtheɯseawallɯandɯenterɯElliottɯBay.ɯɯTheɯjetɯgroutingɯprocessɯmayɯalsoɯ
introduceɯadditionalɯloadsɯtoɯtheɯseawallɯstructure.ɯɯThisɯcouldɯcauseɯdistressɯ
orɯlocalizedɯfailuresɯtoɯtheɯseawall.ɯɯɯ

6.3  Aerial Alternative 

TheɯAerialɯAlternativeɯwillɯincludeɯreplacementɯofɯtheɯexistingɯviaductɯwithɯaɯ
newɯaerialɯstructureɯalongɯtheɯwaterfrontɯthroughɯdowntown.ɯɯTheɯalignmentɯ
generallyɯfollowsɯtheɯexistingɯSRɯ99ɯalignmentɯfromɯS.ɯWalkerɯStreetɯinɯtheɯ
southɯendɯtoɯAuroraɯAvenueɯN.ɯatɯProspectɯStreetɯinɯtheɯnorthɯend.ɯɯThisɯ
alternativeɯalsoɯincludesɯupgradingɯtheɯBSTɯandɯrebuildingɯtheɯAlaskanɯWayɯ
Seawall.ɯɯTheɯAerialɯAlternativeɯincludesɯaɯstackedɯaerialɯstructureɯinɯtheɯ
southɯarea.ɯɯAnotherɯoptionɯforɯanɯatɪgradeɯstructureɯsimilarɯtoɯtheɯRebuildɯ
Alternativeɯisɯalsoɯbeingɯconsideredɯforɯtheɯsouthɯarea.ɯ

TheɯAerialɯAlternativeɯwillɯbeɯconstructedɯbasedɯonɯtheɯprojectɯplansɯusingɯ
BMPsɯappropriateɯforɯtheɯprojectɯ(WSDOTɯand/orɯCityɯofɯSeattle).ɯɯIfɯ
subsurfaceɯconditionsɯencounteredɯduringɯconstructionɯatɯtheɯsiteɯareɯdifferentɯ
fromɯthoseɯassumedɯinɯtheɯdesign,ɯfutureɯunanticipatedɯimpactsɯtoɯtheɯsiteɯ
couldɯoccur.ɯ

6.3.1 South – S. Spokane Street to S. King Street 

Stacked Aerial 
TheɯroadwayɯforɯtheɯAerialɯAlternativeɯbeginsɯatɯaboutɯS.ɯStacyɯStreetɯwithɯanɯ
atɪgradeɯroadway.ɯɯTheɯnorthboundɯroadwayɯwillɯtransitionɯtoɯanɯaerialɯ
structureɯatɯS.ɯWalkerɯStreetɯandɯtheɯsouthboundɯroadwayɯwillɯtransitionɯtoɯanɯ
aerialɯstructureɯatɯS.ɯHolgateɯStreet.ɯɯFillɯembankmentsɯsupportedɯbyɯMSEɯ
wallsɯwillɯbeɯusedɯtoɯtransitionɯfromɯatɪgradeɯtoɯtheɯelevatedɯstructure.ɯɯTheɯ
aerialɯstructuresɯwillɯbeɯsupportedɯbyɯCIPɯconcreteɯpilesɯand/orɯdrilledɯshafts.ɯɯ
Theɯaerialɯstructuresɯwillɯtransitionɯfromɯsideɪbyɪside,ɯsingleɪlevelɯstructuresɯ
toɯaɯdoubleɪlevelɯstructureɯbetweenɯS.ɯHolgateɯStreetɯandɯS.ɯMassachusettsɯ
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Street.ɯɯGroundɯimprovementɯconsistingɯofɯaɯcombinationɯofɯdeepɯsoilɯmixing,ɯ
jetɯgrouting,ɯand/orɯvibroɪreplacementɯ(stoneɯcolumns)ɯwillɯbeɯperformedɯ
aroundɯtheɯstructureɯfoundationsɯandɯtheɯportionsɯofɯtheɯapproachɯfillsɯ
adjacentɯtoɯtheɯaerialɯstructuresɯfromɯtheɯbeginningɯofɯtheɯaerialɯstructureɯ
northɯtoɯS.ɯWashingtonɯStreet.ɯɯɯ

ConstructionɯimpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯRebuildɯ
Alternativeɯinɯtheɯsouthɯareaɯ(seeɯSectionɯ6.2.1).ɯɯBasedɯonɯtheɯAerialɯ
Alternativeɯplans,ɯaboutɯ340,000ɯcubicɯyardsɯofɯmaterialɯwillɯbeɯgeneratedɯ
fromɯdemolition,ɯfoundationɯinstallation,ɯsiteɯpreparation,ɯandɯgroundɯ
improvementɯoperationsɯforɯtheɯsouthɯarea.ɯɯɯ

Option:  SR 99 At-Grade with SR 519 Elevated Ramps 
ThisɯoptionɯisɯsimilarɯtoɯwhatɯisɯbeingɯproposedɯforɯtheɯRebuildɯAlternative.ɯɯ
ImpactsɯwouldɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯRebuildɯAlternativeɯinɯtheɯ
southɯareaɯ(seeɯSectionɯ6.2.1).ɯɯɯ

6.3.2 Central – S. King Street to Battery Street Tunnel 

Stacked Side-by-Side Aerial 
StartingɯatɯaboutɯS.ɯAtlanticɯStreetɯandɯendingɯatɯtheɯBST,ɯlargeɪdiameterɯ
drilledɯshaftsɯwillɯlikelyɯbeɯusedɯtoɯsupportɯtheɯaerialɯstructure.ɯɯGroundɯ
improvementɯwillɯbeɯperformedɯaroundɯeachɯpileɯbentɯsouthɯofɯS.ɯWashingtonɯ
Street.ɯɯNewɯelevatedɯramps,ɯsupportedɯbyɯdrilledɯshaftɯfoundationsɯandɯwithɯ
MSEɯwallɯapproachɯfills,ɯwillɯbeɯconstructedɯtoɯS.ɯRoyalɯBroughamɯWayɯandɯS.ɯ
AtlanticɯStreet.ɯ

ConstructionɯimpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯRebuildɯ
Alternativeɯinɯtheɯcentralɯareaɯ(seeɯSectionɯ6.2.2).ɯɯBasedɯonɯtheɯAerialɯ
Alternativeɯplans,ɯaboutɯ190,000ɯcubicɯyardsɯofɯmaterialɯwillɯbeɯgeneratedɯ
fromɯdemolition,ɯfoundations,ɯsiteɯpreparation,ɯandɯgroundɯimprovementɯforɯ
theɯcentralɯarea.ɯɯɯ

6.3.3 North Waterfront – Pike Street to Myrtle Edwards Park 

Broad Street Detour 
TheɯAerialɯAlternativeɯincludesɯtheɯuseɯofɯBroadɯStreetɯandɯAlaskanɯWayɯasɯaɯ
detourɯduringɯconstruction.ɯɯThisɯdetourɯwillɯallowɯexistingɯatɪgradeɯ
roadwaysɯtoɯbeɯusedɯtoɯrouteɯtrafficɯduringɯconstruction.ɯɯAɯtrestleɯbridgeɯwillɯ
beɯconstructedɯtoɯcarryɯtrafficɯoverɯtheɯBNSFɯrailroadɯtracksɯatɯBroadɯStreetɯ
andɯAlaskanɯWay.ɯɯTheɯtrestleɯbridgeɯwillɯextendɯfromɯWesternɯAvenueɯtoɯ
approximatelyɯVineɯStreetɯandɯbeɯsupportedɯbyɯdrilledɯshafts.ɯɯApproachɯfillsɯ
forɯtheɯbridgeɯwillɯbeɯsupportedɯbyɯfillɯembankments.ɯɯSinceɯthisɯisɯaɯ
temporaryɯstructure,ɯtheɯbridgeɯwillɯbeɯdesignedɯtoɯappropriateɯseismicɯ
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criteriaɯprotectiveɯofɯlifeɯsafetyɯbasedɯonɯtheɯexpectedɯdurationɯofɯtheɯ
structure.ɯɯConstructionɯimpactsɯforɯtheɯproposedɯdetourɯwillɯprimarilyɯbeɯ
relatedɯtoɯtheɯproposedɯbridgeɯoverɯtheɯBNSFɯrailroadɯtracks.ɯɯBecauseɯtheɯ
depthɯandɯthicknessesɯofɯsoftɯsoilsɯinɯthisɯareaɯareɯsmall,ɯsettlementɯandɯ
stabilityɯmayɯnotɯbeɯanɯissue.ɯɯImpactsɯforɯdrilledɯshaftɯorɯCIPɯconcreteɯpileɯ
foundationsɯwillɯbeɯsimilarɯtoɯthoseɯpresentedɯforɯtheɯRebuildɯAlternativeɯinɯ
theɯcentralɯareaɯ(seeɯSectionɯ6.2.2).ɯɯBasedɯonɯtheɯAerialɯAlternativeɯplans,ɯ
aboutɯ30,000ɯcubicɯyardsɯofɯmaterialɯwillɯbeɯgeneratedɯfromɯfoundationɯ
installationɯandɯsiteɯpreparation.ɯɯɯ

Option:  Battery Street Flyover Detour 
TheɯBatteryɯStreetɯFlyoverɯDetourɯisɯanɯoptionɯthatɯcouldɯbeɯimplementedɯ
insteadɯofɯtheɯBroadɯStreetɯDetour.ɯɯThisɯoptionɯinvolvesɯconstructingɯaɯ
temporaryɯaerialɯstructureɯaboveɯtheɯbuildingsɯalongɯAlaskanɯWayɯandɯoverɯ
theɯBNSFɯtracks,ɯconnectingɯtheɯBSTɯwithɯtheɯAlaskanɯWayɯsurfaceɯstreet.ɯɯ
Thisɯdetourɯwouldɯallowɯtrafficɯtoɯtravelɯonɯtheɯtemporaryɯaerialɯflyoverɯwhileɯ
theɯnewɯpermanentɯaerialɯconnectionɯfromɯPikeɯStreetɯtoɯtheɯBSTɯisɯbeingɯ
constructed.ɯ

Constructionɯimpactsɯforɯtheɯproposedɯdetourɯwouldɯprimarilyɯbeɯrelatedɯtoɯ
theɯproposedɯtemporaryɯaerialɯstructure.ɯɯImpactsɯforɯfillsɯandɯdrilledɯshaftɯorɯ
CIPɯconcreteɯpileɯfoundationsɯwouldɯbeɯsimilarɯtoɯthoseɯpresentedɯforɯtheɯ
RebuildɯAlternativeɯinɯtheɯcentralɯareaɯ(seeɯSectionɯ6.2.2).ɯɯBasedɯonɯtheɯplansɯ
forɯthisɯoption,ɯaboutɯ30,000ɯcubicɯyardsɯofɯmaterialɯwouldɯbeɯgeneratedɯfromɯ
foundationɯinstallationɯandɯsiteɯpreparation.ɯɯOtherɯconstructionɯimpactsɯ
relatedɯtoɯerosion,ɯspoils,ɯexcavations,ɯetc.ɯwouldɯalsoɯbeɯsimilarɯtoɯthoseɯ
discussedɯforɯtheɯRebuildɯAlternativeɯ(seeɯSectionɯ6.2.1).ɯɯɯ

6.3.4 North – Battery Street Tunnel to Ward Street 

Battery Street Tunnel Improvements 
TheɯAerialɯAlternativeɯincludesɯaɯfire/lifeɯsafetyɯupgradeɯtoɯtheɯBST.ɯɯTheɯ
upgradeɯtoɯtheɯBSTɯwillɯincludeɯextensionɯofɯbothɯportalsɯandɯconstructionɯofɯ
severalɯemergencyɯegresses,ɯfanɯenclosures,ɯandɯventɯstructures.ɯɯInɯthisɯarea,ɯ
denseɯsoilsɯareɯlocatedɯrelativelyɯnearɯtoɯtheɯgroundɯsurface.ɯɯTherefore,ɯitɯisɯ
anticipatedɯthatɯspreadɯfootingɯfoundationsɯwillɯbeɯusedɯtoɯsupportɯtheɯ
structures.ɯɯImpactsɯforɯexcavationsɯrequiredɯforɯtheseɯfootingsɯwillɯbeɯsimilarɯ
toɯthoseɯdiscussedɯforɯtheɯRebuildɯAlternativeɯinɯtheɯcentralɯareaɯ(seeɯSectionɯ
6.2.2).ɯɯɯ

Ifɯsoftɯsoilsɯareɯencounteredɯatɯtheɯproposedɯfootingɯsubgrade,ɯadditionalɯ
excavationɯmayɯbeɯrequired.ɯɯThisɯadditionalɯexcavationɯmayɯaffectɯtheɯdesignɯ



ɯ

SRɯ99:ɯAlaskanɯWayɯViaductɯ&ɯSeawallɯReplacementɯProjectɯ Marchɯ2004ɯ
GeologyɯandɯSoilsɯTechnicalɯMemorandumɯ 78ɯɯ
DraftɯEISɯ

ofɯtheɯshoringɯwallɯsystemsɯusedɯforɯtheɯexcavationsɯandɯresultɯinɯmovementɯ
ofɯbuildingsɯandɯutilitiesɯadjacentɯtoɯtheɯexcavation.ɯ

Widened Mercer Underpass 
TheɯAerialɯAlternativeɯincludesɯreestablishingɯaɯportionɯofɯtheɯsurfaceɯstreetɯ
gridɯinɯtheɯSouthɯLakeɯUnionɯareaɯnorthɯofɯtheɯBST.ɯɯAtɯThomasɯStreet,ɯaɯ
singleɪspanɯoverpassɯstructureɯwillɯbeɯconstructedɯtoɯextendɯoverɯSRɯ99.ɯɯTheɯ
bridgeɯwillɯbeɯsupportedɯonɯfillɯembankmentsɯatɯtheɯabutments,ɯwhichɯwillɯbeɯ
retainedɯbyɯMSEɯwalls.ɯɯInɯaddition,ɯtheɯexistingɯboatɯsectionɯalongɯMercerɯ
Streetɯwillɯbeɯwidenedɯtoɯaccommodateɯadditionalɯtraffic.ɯɯTheɯwidenedɯ
roadwayɯwillɯrequireɯanɯexcavationɯthatɯwillɯbeɯsupportedɯbyɯsecantɯpileɯ
walls.ɯɯInɯaddition,ɯtheɯexistingɯdepressedɯBroadɯStreetɯroadwayɯwillɯbeɯ
backfilledɯbetweenɯFifthɯAvenueɯN.ɯandɯEighthɯAvenueɯN.ɯtoɯreestablishɯ
additionalɯsurfaceɯstreetɯconnections.ɯɯ

Excavations and Dewatering
ForɯtheɯAerialɯAlternative,ɯexcavationsɯwillɯbeɯmadeɯforɯrelocationɯofɯutilities,ɯ
repairɯorɯrehabilitationɯofɯexistingɯfootings,ɯandɯexcavationɯforɯtheɯboatɯsectionɯ
northɯofɯtheɯBST.ɯɯ

Constructionɯimpactsɯforɯexcavationsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯinɯ
previousɯsectionsɯ(seeɯSectionɯ6.2.1).ɯɯExcavationsɯforɯtheɯboatɯsectionɯnorthɯofɯ
theɯBSTɯcouldɯcauseɯlateralɯmovementɯorɯsettlementɯofɯtheɯadjacentɯground.ɯɯIfɯ
theɯexcavationsɯareɯnotɯproperlyɯshored,ɯexcessiveɯgroundɯmovementɯcouldɯ
occur.ɯɯExcessiveɯgroundɯmovementɯcouldɯdamageɯadjacentɯroadways,ɯ
structures,ɯandɯutilities.ɯ

Dewateringɯmayɯbeɯrequiredɯforɯsomeɯofɯtheɯexcavations.ɯɯDependingɯuponɯ
theɯmagnitudeɯofɯtheɯrequiredɯdewateringɯandɯtheɯnatureɯandɯdensityɯofɯtheɯ
adjacentɯsoilɯconditions,ɯgroundɯsettlementsɯcouldɯoccur.ɯɯSuchɯsettlementsɯ
couldɯdamageɯadjacentɯroadways,ɯstructures,ɯandɯutilities.ɯɯConstructionɯ
dewateringɯwillɯnotɯimpactɯpublicɯorɯprivateɯgroundwaterɯsupplies.ɯɯ
Groundwaterɯisɯnotɯusedɯasɯwaterɯsupplyɯinɯtheɯprojectɯarea.ɯɯNoɯwellhead,ɯ
aquiferɯprotection,ɯorɯsoleɯsourceɯaquiferɯplansɯexistɯinɯtheɯarea.ɯ

Stockpiles and Spoils Disposal
ForɯtheɯAerialɯAlternativeɯinɯthisɯarea,ɯaboutɯ40,000ɯcubicɯyardsɯofɯmaterialɯ
willɯbeɯgenerated,ɯprimarilyɯforɯexcavationɯofɯtheɯboatɯsection.ɯɯPotentialɯ
impactsɯresultingɯfromɯdisposalɯofɯspoilsɯincludeɯerosionɯandɯsedimentationɯ
whereɯexcavatedɯsoilsɯareɯstoredɯonɯsiteɯorɯspilledɯduringɯtransport.ɯɯɯ

Noncontaminatedɯsoilsɯmayɯbeɯusedɯasɯlandscapingɯfillɯforɯotherɯareasɯofɯtheɯ
project.ɯɯForɯtheɯAerialɯAlternative,ɯtheɯexistingɯBroadɯStreetɯdepressedɯ
roadwayɯwillɯbeɯdemolishedɯandɯbackfilledɯbetweenɯFifthɯAvenueɯN.ɯandɯ



SRɯ99:ɯAlaskanɯWayɯViaductɯ&ɯSeawallɯReplacementɯProjectɯ Marchɯ2004ɯ
GeologyɯandɯSoilsɯTechnicalɯMemorandumɯ 79ɯɯ
DraftɯEISɯ

EighthɯAvenueɯN.ɯɯApproximatelyɯ70,000ɯcubicɯyardsɯofɯnewɯfillɯmaterialɯmayɯ
beɯrequiredɯforɯthisɯarea.ɯɯSpoilsɯobtainedɯfromɯotherɯareasɯofɯtheɯsiteɯthatɯwillɯ
beɯsuitableɯforɯreuseɯasɯstructuralɯfillɯwillɯincludeɯsandɯandɯgravelɯsoilsɯthatɯdoɯ
notɯcontainɯorganicɯdebris,ɯdoɯnotɯhaveɯaɯlargeɯamountɯofɯclayɯcontent,ɯareɯnotɯ
tooɯwet,ɯandɯdoɯnotɯcontainɯoversizeɯmaterial.ɯɯSpoilsɯthatɯdoɯnotɯmeetɯtheseɯ
criteriaɯcouldɯbeɯreusedɯasɯlandscapingɯmaterials,ɯasɯrequired.ɯɯImpactsɯforɯ
spoilsɯhandling,ɯhaulɯroutes,ɯandɯstockpilesɯwillɯbeɯsimilarɯtoɯthoseɯpresentedɯ
forɯtheɯRebuildɯAlternativeɯ(seeɯSectionɯ6.2.1).ɯɯɯ

Fills
TheɯAerialɯAlternativeɯincludesɯbackfillingɯtheɯdepressedɯBroadɯStreetɯ
roadwayɯfromɯFifthɯAvenueɯN.ɯtoɯEighthɯAvenueɯN.ɯɯFillɯmaterialsɯmayɯ
consistɯofɯsoilɯexcavatedɯfromɯotherɯportionsɯofɯtheɯnorthɯendɯreconstruction.ɯɯ
Ifɯbackfillingɯandɯcompactingɯoperationsɯareɯperformedɯduringɯwetɯweather,ɯ
theɯstockpiledɯonɪsiteɯmaterialsɯmayɯnotɯachieveɯtheɯdesiredɯdegreeɯofɯ
compaction.ɯɯStockpilesɯleftɯuncoveredɯcouldɯalsoɯresultɯinɯtheɯmaterialɯ
becomingɯunsuitableɯforɯuseɯasɯstructuralɯfill.ɯɯPlacementɯandɯcompactionɯofɯ
fillɯmaterialsɯadjacentɯtoɯexistingɯwallsɯorɯstructuresɯcouldɯcauseɯdamageɯtoɯ
theɯwallsɯorɯstructuresɯbecauseɯofɯtheɯfillɯandɯcompactionɯloading.ɯ

Retaining Walls
Numerousɯretainingɯwallɯtypesɯmayɯbeɯselectedɯtoɯretainɯsoilsɯforɯtheɯboatɯ
sectionɯnorthɯofɯtheɯBSTɯandɯotherɯtemporaryɯandɯpermanentɯexcavations.ɯɯ
Retainingɯwallɯtypesɯthatɯmayɯbeɯusedɯincludeɯsoldierɯpileɯandɯlaggingɯwalls,ɯ
soilɯnailɯwalls,ɯcantileverɯCIPɯconcreteɯwalls,ɯandɯgravityɯwalls.ɯɯImpactsɯforɯ
theseɯwallɯtypesɯwillɯbeɯsimilarɯtoɯthoseɯoutlinedɯforɯtheɯRebuildɯAlternativeɯ
forɯtheɯcentralɯareaɯ(seeɯSectionɯ6.2.2).ɯ

Tiebacksɯmayɯbeɯusedɯinɯsomeɯareasɯtoɯprovideɯadditionalɯbracingɯandɯreduceɯ
depthsɯofɯwalls.ɯɯSoilɯnailɯwallsɯmayɯalsoɯbeɯusedɯinɯsomeɯareasɯnorthɯofɯtheɯ
BST.ɯɯImproperɯdesignɯorɯconstructionɯofɯtheɯwallɯsystems,ɯtiebacks,ɯorɯbracesɯ
couldɯresultɯinɯexcessiveɯlateralɯdisplacementɯandɯsettlementɯofɯadjacentɯ
groundɯandɯnearbyɯroadways,ɯrailways,ɯutilities,ɯandɯstructures.ɯɯDrillingɯtoɯ
installɯtiebacksɯandɯsoilɯnailsɯcouldɯdamageɯutilitiesɯandɯstructuresɯlocatedɯinɯ
theɯtieback/nailɯzone.ɯ

Foundations
Shallowɯfoundationsɯwillɯbeɯusedɯforɯretainingɯwallsɯandɯsupportɯbuildings.ɯɯ
Impactsɯforɯshallowɯfoundationsɯwillɯbeɯsimilarɯtoɯthoseɯpresentedɯforɯtheɯ
RebuildɯAlternativeɯ(seeɯSectionɯ6.2.1).ɯɯɯ
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Removal of Existing Structures
TheɯAerialɯAlternativeɯincludesɯremovalɯofɯstructuresɯthatɯmayɯhaveɯvariousɯ
typesɯofɯfoundationɯelements.ɯɯImpactsɯforɯremovalɯofɯexistingɯstructuresɯwillɯ
beɯsimilarɯtoɯthoseɯdiscussedɯinɯtheɯRebuildɯAlternativeɯ(seeɯSectionɯ6.2.1).ɯɯɯ

Option:  Lowered Aurora/SR 99 
AnɯoptionɯofɯtheɯAerialɯAlternativeɯincludesɯreestablishingɯtheɯsurfaceɯstreetɯ
gridɯbyɯloweringɯtheɯroadwayɯgradeɯintoɯaɯboatɯsectionɯfromɯtheɯnorthɯendɯofɯ
theɯBSTɯtoɯaboutɯProspectɯStreet.ɯɯFiveɯnewɯbridgeɯoverpassɯstructuresɯwouldɯ
beɯconstructedɯtoɯreconnectɯtheɯsurfaceɯstreetsɯatɯMercerɯStreet,ɯThomasɯStreet,ɯ
HarrisonɯStreet,ɯRepublicanɯStreet,ɯandɯRoyɯStreet.ɯɯInɯaddition,ɯtheɯexistingɯ
depressedɯBroadɯStreetɯroadwayɯwouldɯbeɯbackfilledɯbetweenɯFifthɯAvenueɯ
N.ɯandɯEighthɯAvenueɯN.ɯ

ForɯtheɯAerialɯAlternativeɯinɯthisɯarea,ɯaboutɯ300,000ɯcubicɯyardsɯofɯmaterialɯ
wouldɯbeɯgenerated,ɯprimarilyɯforɯexcavationɯofɯtheɯboatɯsection.ɯɯImpactsɯ
relatedɯtoɯspoilsɯandɯstockpilesɯwouldɯbeɯsimilarɯtoɯthoseɯpresentedɯinɯtheɯ
previousɯsection.ɯ

Thisɯoptionɯincludesɯpermanentɯretainingɯwallsɯforɯtheɯboatɯsectionɯnorthɯofɯ
theɯBST.ɯɯInɯaddition,ɯwallsɯmayɯbeɯconstructedɯforɯtheɯnewɯsupportɯbuildings.ɯɯ
Settlementɯandɯlateralɯmovementɯcouldɯoccurɯoverɯtheɯlongɯtermɯifɯtheɯwallsɯ
areɯnotɯproperlyɯdesignedɯforɯtheɯsoilɯandɯgroundwaterɯconditionsɯandɯ
appliedɯsurchargeɯloads.ɯɯImpactsɯforɯwallsɯwouldɯbeɯsimilarɯtoɯthoseɯ
discussedɯinɯtheɯRebuildɯAlternativeɯforɯtheɯcentralɯareaɯ(seeɯSectionɯ6.2.2).ɯ

SomeɯareasɯofɯtheɯboatɯsectionɯnorthɯofɯtheɯBSTɯmayɯextendɯbelowɯtheɯ
groundwaterɯtable.ɯɯImpactsɯwouldɯbeɯsimilarɯtoɯthoseɯdiscussedɯinɯtheɯ
previousɯsection.ɯɯThisɯoptionɯalsoɯincludesɯfillingɯBroadɯStreet.ɯɯImpactsɯ
wouldɯbeɯtheɯsameɯasɯthoseɯdiscussedɯinɯtheɯpreviousɯsection.ɯɯShallowɯ
foundationsɯmayɯbeɯusedɯforɯsupportɯwalls,ɯbridgeɯfootings,ɯandɯbuildings.ɯɯ
Impactsɯforɯshallowɯfoundationsɯwouldɯbeɯsimilarɯtoɯthoseɯdiscussedɯinɯtheɯ
previousɯsection.ɯ

6.3.5 Seawall – S. King Street to Myrtle Edwards Park 

Rebuild
ForɯtheɯAerialɯAlternative,ɯtheɯexistingɯseawallɯwillɯbeɯrebuiltɯfromɯS.ɯKingɯ
StreetɯtoɯBayɯStreetɯbyɯusingɯaɯcombinationɯofɯdrilledɯshaftsɯandɯjetɯgrouting.ɯɯ
ConstructionɯimpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯRebuildɯ
Alternativeɯ(seeɯSectionɯ6.2.1).ɯɯɯ
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Option: Seawall Frame 
TheɯtemporaryɯbridgeɯbeingɯconsideredɯinɯtheɯAerialɯAlternativeɯwouldɯbeɯ
locatedɯdirectlyɯaboveɯtheɯseawallɯinɯsomeɯareas.ɯɯAɯframeɯseawallɯsystemɯisɯ
alsoɯbeingɯconsideredɯtoɯrebuildɯtheɯseawall.ɯɯThisɯprovidesɯaɯsuitableɯ
foundationɯsupportɯforɯtheɯtemporaryɯbridgeɯoption.ɯɯTheɯexistingɯseawallɯ
wouldɯbeɯrebuiltɯfromɯS.ɯKingɯStreetɯtoɯBayɯStreetɯbyɯconstructingɯaɯsecantɯpileɯ
wallɯplacedɯimmediatelyɯbehindɯtheɯoriginalɯseawallɯandɯconnectingɯitɯtoɯ
largeɪdiameterɯdrilledɯshaftsɯandɯaɯCIPɯTɪbeamɯdeckɯtoɯformɯaɯframeɯsystem.ɯɯ
Itɯshouldɯbeɯnotedɯthatɯnoɯjetɯgroutingɯwouldɯbeɯperformedɯbehindɯtheɯ
existingɯseawallɯforɯthisɯalternative.ɯ

Temporary and Permanent Retaining Walls
TheɯSeawallɯFrameɯOptionɯincludesɯtheɯconstructionɯofɯaɯsecantɯpileɯwallɯ
immediatelyɯadjacentɯtoɯtheɯexistingɯseawall.ɯɯSecantɯpileɯwallsɯwouldɯconsistɯ
ofɯintersectingɯdrilledɯshafts.ɯɯGenerally,ɯeveryɯotherɯshaftɯalongɯtheɯwallɯ
wouldɯbeɯreinforced.ɯɯIntermediateɯshaftsɯwouldɯgenerallyɯnotɯbeɯreinforcedɯ
butɯwouldɯbeɯconstructedɯusingɯlowɪstrength,ɯleanɪmixɯconcrete.ɯɯImpactsɯforɯ
theseɯtypesɯofɯwallsɯwouldɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯRebuildɯ
Alternativeɯforɯwallsɯandɯdrilledɯshaftsɯ(seeɯSectionɯ6.2.1).ɯɯɯ

Theɯsecantɯpileɯwallɯwouldɯbeɯconstructedɯbehindɯtheɯexistingɯseawall.ɯɯAɯsteelɯ
sheetɯpileɯwallɯand/orɯsiltɯcurtainɯwouldɯlikelyɯbeɯinstalledɯduringɯ
constructionɯtoɯprotectɯoverallɯwaterɯquality.ɯɯVibrationɯcausedɯbyɯdrivingɯofɯ
sheetɯpilesɯcouldɯdamageɯtheɯexistingɯseawallɯandɯadjacentɯroadways,ɯutilities,ɯ
andɯstructures.ɯɯɯ

Dewatering
Dewateringɯmayɯalsoɯbeɯrequiredɯforɯconstructionɯofɯtheɯseawall.ɯɯDewateringɯ
constructionɯimpactsɯwouldɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯRebuildɯ
Alternativeɯ(seeɯSectionɯ6.2.1).ɯɯConstructionɯdewateringɯwouldɯnotɯimpactɯ
publicɯorɯprivateɯgroundwaterɯsupplies.ɯɯGroundwaterɯisɯnotɯusedɯasɯwaterɯ
supplyɯinɯtheɯprojectɯarea.ɯɯNoɯwellhead,ɯaquiferɯprotection,ɯorɯsoleɯsourceɯ
aquiferɯplansɯexistɯinɯtheɯarea.ɯ

Spoils Disposal
ForɯtheɯSeawallɯFrameɯOption,ɯapproximatelyɯ400,000ɯcubicɯyardsɯofɯspoilɯ
couldɯbeɯgenerated.ɯɯMostɯofɯthisɯspoilɯwouldɯconsistɯofɯnearɪsurfaceɯfillɯsoils,ɯ
timbersɯandɯpilesɯfromɯtheɯoldɯseawall,ɯpotentiallyɯcontaminatedɯsoils,ɯandɯ
spoilsɯfromɯdrilledɯshaftɯandɯsecantɯpileɯwallɯinstallation.ɯɯMostɯofɯtheseɯsoilsɯ
wouldɯnotɯbeɯsuitableɯforɯreuseɯinɯotherɯareasɯofɯtheɯprojectɯbecauseɯtheyɯ
wouldɯbeɯcontaminated,ɯcontainɯtooɯmuchɯdebris,ɯorɯbeɯtooɯwet.ɯɯPotentialɯ
impactsɯresultingɯfromɯdisposalɯofɯspoilsɯincludeɯerosionɯandɯsedimentationɯ
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whereɯexcavatedɯsoilsɯareɯstoredɯonɯsiteɯorɯspilledɯduringɯtransport.ɯɯDisposalɯ
ofɯcontaminatedɯsoilsɯisɯfurtherɯdiscussedɯinɯAppendixɯU,ɯHazardousɯ
MaterialsɯDisciplineɯReport.ɯɯɯ

Foundations
Secantɯpilesɯandɯdrilledɯshaftsɯwouldɯbeɯusedɯinɯconstructionɯofɯtheɯframeɯforɯ
theɯseawallɯrebuild.ɯɯImpactsɯforɯtheseɯtypesɯofɯfoundationsɯwouldɯbeɯsimilarɯ
toɯthoseɯdiscussedɯforɯtheɯdrilledɯshaftsɯincludedɯinɯtheɯRebuildɯAlternativeɯ
(seeɯSectionɯ6.2.1).ɯɯɯ

6.4  Tunnel Alternative 

TheɯTunnelɯAlternativeɯwillɯincludeɯaɯcombinationɯofɯaerialɯstructuresɯandɯ
cutɪandɪcoverɯtunnelsɯtoɯreplaceɯtheɯexistingɯviaductɯfromɯaboutɯS.ɯHanfordɯ
StreetɯtoɯMercerɯStreet,ɯnorthɯofɯtheɯBST.ɯɯTheɯalignmentɯgenerallyɯfollowsɯtheɯ
existingɯSRɯ99ɯalignment.ɯɯThisɯalternativeɯalsoɯincludesɯupgradingɯtheɯBSTɯ
andɯrebuildingɯtheɯAlaskanɯWayɯSeawall.ɯɯAnotherɯoptionɯforɯanɯatɪgradeɯ
structureɯsimilarɯtoɯtheɯRebuildɯandɯAerialɯalternativesɯisɯalsoɯbeingɯ
consideredɯforɯtheɯsouthɯarea.ɯ

TheɯTunnelɯAlternativeɯwillɯbeɯconstructedɯbasedɯonɯtheɯprojectɯplansɯusingɯ
BMPsɯappropriateɯforɯtheɯprojectɯ(WSDOTɯand/orɯCityɯofɯSeattle).ɯɯIfɯ
subsurfaceɯconditionsɯencounteredɯduringɯconstructionɯatɯtheɯsiteɯareɯdifferentɯ
fromɯthoseɯassumedɯinɯtheɯdesign,ɯfutureɯunanticipatedɯimpactsɯtoɯtheɯsiteɯ
couldɯoccur.ɯ

6.4.1 South – S. Spokane Street to S. King Street 

At-Grade with SR 519 Elevated Ramps 
ThisɯalternativeɯisɯsimilarɯtoɯwhatɯisɯbeingɯproposedɯforɯtheɯRebuildɯ
Alternative.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯinɯSectionɯ6.2.1.ɯ

Option:  Side-by-Side Aerial 
TheɯroadwayɯforɯthisɯoptionɯwouldɯbeginɯatɪgradeɯfromɯS.ɯHanfordɯStreetɯtoɯS.ɯ
HolgateɯStreet.ɯɯFromɯthisɯlocation,ɯtheɯroadwayɯwouldɯtransitionɯtoɯaɯsingleɪ
level,ɯaerialɯstructureɯtoɯcrossɯoverɯtheɯBNSFɯSIGɯRailɯYard,ɯS.ɯAtlanticɯStreet,ɯ
andɯS.ɯRoyalɯBroughamɯWay.ɯɯAɯfillɯembankmentɯsupportedɯbyɯMSEɯwallsɯ
wouldɯbeɯusedɯtoɯtransitionɯfromɯtheɯatɪgradeɯroadwayɯtoɯtheɯaerialɯstructure.ɯɯ
Drilledɯshaftsɯwouldɯsupportɯtheɯaerialɯstructures.ɯɯGroundɯimprovementɯ
consistingɯofɯaɯcombinationɯofɯdeepɯsoilɯmixing,ɯjetɯgrouting,ɯand/orɯvibroɪ
replacementɯ(stoneɯcolumns)ɯwouldɯbeɯperformedɯaroundɯtheɯaerialɯstructureɯ
foundationsɯandɯtheɯportionsɯofɯtheɯapproachɯfillɯadjacentɯtoɯtheɯaerialɯ
structureɯabutment.ɯɯRampsɯwouldɯextendɯtoɯS.ɯHolgateɯStreet,ɯS.ɯAtlanticɯ
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Street,ɯS.ɯRoyalɯBroughamɯWay,ɯandɯAlaskanɯWayɯandɯwouldɯbeɯsupportedɯ
byɯdrilledɯshaftsɯorɯdrivenɯpilesɯwithɯMSEɯwallɯapproachɯfills.ɯɯɯ

ImpactsɯforɯthisɯalternativeɯwouldɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯAerialɯ
Alternativeɯinɯthisɯareaɯ(seeɯSectionɯ6.3.1).ɯɯItɯisɯestimatedɯthatɯaboutɯ410,000ɯ
cubicɯyardsɯofɯmaterialɯwouldɯbeɯgeneratedɯfromɯexcavations,ɯfoundationɯ
installation,ɯandɯgroundɯimprovementɯoperationsɯinɯthisɯarea.ɯɯMostɯofɯtheseɯ
spoilsɯwouldɯnotɯbeɯsuitableɯforɯreuseɯasɯfillɯbecauseɯtheyɯcouldɯbeɯ
contaminated,ɯtooɯwet,ɯorɯcontainɯdebris.ɯ

6.4.2 Central – S. King Street to Battery Street Tunnel 

Side-by-Side Tunnel and Side-by-Side Aerial 
NorthɯofɯS.ɯRoyalɯBroughamɯWay,ɯtheɯaerialɯstructureɯtransitionsɯbackɯtoɯaɯfillɯ
embankmentɯwithɯMSEɯwallsɯatɯeachɯside.ɯɯGroundɯimprovementɯwillɯbeɯ
performedɯforɯtheɯfirstɯ100ɯfeetɯofɯtheɯapproachɯfillsɯadjacentɯtoɯtheɯaerialɯ
structure.ɯɯAtɯaboutɯS.ɯDearbornɯStreetɯ(adjacentɯtoɯSafecoɯField),ɯtheɯroadwayɯ
descendsɯintoɯaɯboatɯsectionɯwithɯitsɯsidesɯsupportedɯbyɯdiaphragmɯwalls.ɯɯ
TheɯboatɯsectionɯwillɯcontinueɯtoɯaboutɯS.ɯKingɯStreet,ɯwhereɯitɯwillɯtransitionɯ
intoɯaɯsideɪbyɪside,ɯcutɪandɪcoverɯtunnel.ɯɯAɯrampɯfromɯS.ɯKingɯStreetɯwillɯ
extendɯdownɯtheɯcenterɯofɯtheɯboatɯsectionɯonɯanɯMSEɪwallɪsupportedɯfillɯ
embankment.ɯɯɯ

TheɯcutɪandɪcoverɯtunnelɯwillɯextendɯfromɯS.ɯKingɯStreetɯtoɯaboutɯPikeɯStreet.ɯɯ
Diaphragmɯwallsɯwillɯbeɯusedɯtoɯsupportɯtheɯsidesɯofɯtheɯtunnel.ɯɯFromɯS.ɯ
KingɯStreetɯtoɯaboutɯYeslerɯWay,ɯtheɯtunnelɯwillɯshiftɯalignmentɯuntilɯmeetingɯ
theɯexistingɯseawallɯnorthɯofɯYeslerɯWay.ɯɯFromɯYeslerɯWayɯtoɯaboutɯPikeɯ
Street,ɯtheɯnewɯcutɪandɪcoverɯtunnelɯwillɯserveɯasɯtheɯreplacementɯforɯtheɯ
seawall.ɯɯBetweenɯS.ɯWashingtonɯStreetɯandɯYeslerɯWay,ɯtheɯwestɯwallɯforɯtheɯ
cutɪandɪcoverɯtunnelɯwillɯextendɯbeyondɯtheɯexistingɯseawallɯintoɯElliottɯBay.ɯɯ
Sinceɯtheɯeastɯhalfɯofɯtheɯcutɪandɪcoverɯtunnelɯwillɯbeɯlocatedɯalongɯtheɯ
existingɯviaductɯalignment,ɯtheɯtunnelɯwillɯbeɯconstructedɯinɯtwoɯphasesɯsoɯ
thatɯtrafficɯthroughɯtheɯareaɯcouldɯbeɯmaintained.ɯɯVentɯstructuresɯwillɯbeɯ
constructedɯinɯtheɯvicinityɯofɯS.ɯKingɯStreet,ɯYeslerɯWay,ɯSpringɯStreet,ɯandɯ
northɯofɯUnionɯStreet.ɯɯNoɯaccessɯrampsɯwillɯbeɯprovidedɯinɯthisɯarea.ɯ

BetweenɯPikeɯStreetɯandɯtheɯBST,ɯtheɯcutɪandɪcoverɯroadwayɯtransitionsɯtoɯaɯ
boatɯsection,ɯthenɯtoɯanɯMSEɪwallɪsupportedɯfillɯembankment,ɯandɯthenɯtoɯanɯ
aerialɯstructureɯconnectingɯtoɯtheɯBST.ɯɯTheɯtransitionɯthroughɯtheɯboatɯsectionɯ
willɯrequireɯaɯverticalɯcutɯintoɯtheɯexistingɯhillsideɯbelowɯtheɯviaduct.ɯɯThisɯcutɯ
willɯbeɯsupportedɯbyɯaɯretainingɯwallɯwithɯtiebacksɯextendingɯunderɯtheɯ
existingɯviaduct.ɯɯAnɯonɪrampɯandɯoffɪrampɯtoɯtheɯroadwayɯwillɯextendɯ
throughɯcutɪandɪcoverɯtunnelsɯfromɯUniversityɯStreetɯnorthɯuntilɯtheyɯascendɯ
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throughɯboatɯsectionsɯtoɯconnectɯwithɯAlaskanɯWay.ɯɯLargeɪdiameterɯdrilledɯ
shaftsɯwillɯsupportɯtheɯaerialɯstructureɯsouthɯofɯtheɯBST.ɯ

ManyɯofɯtheɯconstructionɯimpactsɯforɯtheɯTunnelɯAlternativeɯareɯsimilarɯtoɯtheɯ
RebuildɯandɯAerialɯAlternativesɯ(Sectionsɯ6.2.2ɯandɯ6.3.2).ɯɯTheseɯsimilarɯ
constructionɯimpactsɯareɯnotɯrestatedɯinɯthisɯsection.ɯɯReferencesɯtoɯtheɯimpactsɯ
forɯtheseɯalternativesɯareɯincludedɯinɯtheɯfollowingɯparagraphsɯforɯtheɯTunnelɯ
Alternative.ɯ

Erosion and Sediment Transport
ImpactsɯforɯtheɯTunnelɯAlternativeɯwillɯbeɯsimilarɯtoɯthoseɯoutlinedɯforɯtheɯ
RebuildɯAlternativeɯ(seeɯSectionɯ6.2.2).ɯ

Existing Pavements, Tracks, and Utilities
ImpactsɯforɯtheɯTunnelɯAlternativeɯwillɯbeɯsimilarɯtoɯthoseɯoutlinedɯforɯtheɯ
RebuildɯAlternativeɯ(seeɯSectionɯ6.2.2).ɯ

Excavations and Dewatering
ForɯtheɯTunnelɯAlternative,ɯexcavationsɯwillɯbeɯmadeɯforɯrelocationɯofɯutilities,ɯ
constructionɯofɯfoundationɯcaps,ɯandɯexcavationɯforɯboatɯsectionsɯandɯcutɪandɪ
coverɯtunnels.ɯɯInɯgeneral,ɯimpactsɯwillɯbeɯsimilarɯtoɯthoseɯoutlinedɯforɯtheɯ
RebuildɯAlternativeɯ(seeɯSectionɯ6.2.2).ɯ

AsɯstatedɯforɯtheɯAerialɯAlternative,ɯexcavationsɯforɯtheɯboatɯsectionsɯcouldɯ
causeɯlateralɯmovementɯorɯsettlementɯofɯnearbyɯexistingɯroadways,ɯrailways,ɯ
structures,ɯandɯutilities.ɯɯTheseɯimpactsɯwillɯalsoɯapplyɯtoɯtheɯexcavationɯforɯ
cutɪandɪcoverɯtunnels.ɯɯIfɯtheɯexcavationsɯareɯnotɯproperlyɯshored,ɯexcessiveɯ
groundɯmovementɯcouldɯoccur.ɯɯExcessiveɯgroundɯmovementɯcouldɯdamageɯ
adjacentɯroadways,ɯstructures,ɯandɯutilities.ɯ

Dewateringɯwillɯbeɯrequiredɯforɯtheɯconstructionɯofɯtheɯcutɪandɪcoverɯtunnelsɯ
andɯboatɯsections.ɯɯDewateringɯwillɯbeɯaccomplishedɯuntilɯconstructionɯofɯtheɯ
structureɯisɯcompleted.ɯɯBecauseɯofɯtheɯpresenceɯofɯcompressibleɯsoilsɯnearɯtheɯ
excavations,ɯdewateringɯcouldɯcauseɯsettlementɯofɯtheɯgroundɯsurfaceɯandɯ
nearbyɯroadways,ɯrailways,ɯstructures,ɯandɯutilities.ɯɯBasedɯonɯpreliminaryɯ
dewateringɯanalyses,ɯpumpingɯratesɯalongɯtheɯalignmentɯwillɯvaryɯwidelyɯ
dependingɯonɯsubsurfaceɯconditionsɯandɯpumpingɯdurationɯandɯmayɯrangeɯ
fromɯ200ɯtoɯ4,500ɯgallonsɯperɯminuteɯperɯ600ɯfeetɯofɯopenɯexcavation.ɯɯ
Drawdownɯoutsideɯofɯtheɯinlandɯdiaphragmɯwallɯwillɯvaryɯdependingɯonɯtheɯ
subsurfaceɯconditionsɯencounteredɯalongɯtheɯalignment.ɯɯPreliminaryɯ
groundwaterɯdrawdownɯestimatesɯrangeɯfromɯapproximatelyɯ5ɯtoɯ30ɯfeetɯatɯaɯ
distanceɯofɯaboutɯ400ɯfeetɯfromɯtheɯdiaphragmɯwall.ɯɯIfɯtheɯcutɪandɪcoverɯ
tunnelɯexcavationɯdewateringɯeffortɯwereɯtoɯfailɯorɯproveɯinadequateɯforɯanyɯ
reason,ɯgroundɯlossɯwithinɯtheɯexcavationɯlimitsɯwillɯbeɯaɯrisk.ɯɯThisɯlossɯcouldɯ
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resultɯfromɯrunningɯ(flowing)ɯground,ɯpiping,ɯand/orɯbaseɯheaveɯdueɯtoɯupliftɯ
conditions.ɯɯDiscussionsɯofɯhandlingɯandɯdisposalɯofɯwaterɯgeneratedɯduringɯ
dewateringɯisɯaddressedɯinɯAppendixɯS,ɯWaterɯResourcesɯDisciplineɯReport.ɯ

Constructionɯdewateringɯwillɯnotɯimpactɯpublicɯorɯprivateɯgroundwaterɯ
supplies.ɯɯGroundwaterɯisɯnotɯusedɯasɯwaterɯsupplyɯinɯtheɯprojectɯarea.ɯɯNoɯ
wellhead,ɯaquiferɯprotection,ɯorɯsoleɯsourceɯaquiferɯplansɯexistɯinɯtheɯarea.ɯ

Stockpiles and Spoils Disposal
ForɯtheɯTunnelɯAlternative,ɯaboutɯ1,680,000ɯcubicɯyardsɯofɯmaterialɯwillɯbeɯ
generatedɯfromɯsiteɯdemolition,ɯexcavationsɯ(primarilyɯtheɯboatɯsectionsɯandɯ
cutɪandɪcoverɯtunnels),ɯfoundationɯinstallation,ɯandɯgroundɯimprovement.ɯɯ
Potentialɯimpactsɯresultingɯfromɯdisposalɯofɯspoilsɯincludeɯerosionɯandɯ
sedimentationɯwhereɯexcavatedɯsoilsɯareɯstoredɯonɯsiteɯorɯspilledɯduringɯ
transport.ɯɯɯ

SomeɯsoilɯexcavatedɯforɯtheɯTunnelɯAlternativeɯcouldɯbeɯcontaminatedɯ
becauseɯitɯwillɯoriginateɯfromɯtheɯnearɪsurfaceɯmaterials.ɯɯDisposalɯofɯtheseɯ
typesɯofɯsoilsɯisɯfurtherɯdiscussedɯinɯAppendixɯU,ɯHazardousɯMaterialsɯ
DisciplineɯReport.ɯɯNoncontaminatedɯsoilsɯmayɯbeɯusedɯasɯlandscapingɯfillɯforɯ
otherɯareasɯofɯtheɯproject.ɯɯImpactsɯforɯspoilsɯhandling,ɯhaulɯroutes,ɯandɯ
stockpilesɯwillɯbeɯsimilarɯtoɯthoseɯpresentedɯforɯtheɯRebuildɯAlternativeɯ(seeɯ
Sectionɯ6.2.1).ɯ

Fill Embankments
TheɯfillɯembankmentsɯforɯtheɯTunnelɯAlternativeɯwillɯbeɯconstructedɯusingɯ
MSEɯwallsɯtoɯretainɯtheɯembankmentɯsides.ɯɯBasedɯonɯtheɯavailableɯsiteɯ
geologicɯinformation,ɯtheɯfillɯembankmentsɯconstructedɯinɯtheɯsouthɯandɯalongɯ
portionsɯofɯtheɯwaterfrontɯwillɯbeɯlocatedɯoverɯsoftɯground.ɯɯSinceɯtheɯ
locationsɯofɯtheɯMSEɯfillɯembankmentsɯareɯsimilarɯtoɯthoseɯthatɯwillɯbeɯ
constructedɯforɯtheɯRebuildɯandɯAerialɯAlternatives,ɯconstructionɯimpactsɯwillɯ
beɯsimilarɯ(seeɯSectionɯ6.2ɯandɯSectionɯ6.3).ɯ

Cuts into Slopes
Aɯcutɯwillɯbeɯrequiredɯinɯtheɯslopeɯbelowɯtheɯexistingɯviaductɯinɯtheɯvicinityɯofɯ
StewartɯStreetɯtoɯretainɯtheɯnewɯroadway.ɯɯImpactsɯforɯcutsɯintoɯslopesɯwillɯbeɯ
similarɯtoɯthoseɯoutlinedɯforɯtheɯRebuildɯAlternativeɯ(seeɯSectionɯ6.2.2).ɯɯ
Constructionɯinɯtheɯvicinityɯofɯslopesɯcouldɯresultɯinɯshallowɯsloughingɯofɯtheɯ
slopesɯduringɯconstructionɯifɯtheɯexcavationɯisɯcutɯtooɯsteeplyɯorɯnotɯproperlyɯ
supported.ɯɯDependingɯonɯtheɯsoilɯandɯgroundwaterɯconditions,ɯdeeperɯslopeɯ
failuresɯcouldɯalsoɯoccur.ɯɯAsɯtheɯretainingɯwallɯforɯtheɯcutɯisɯconstructed,ɯ
slopeɯfailuresɯcouldɯoccurɯifɯproperɯconstructionɯpracticesɯareɯnotɯfollowed.ɯɯ
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Additionalɯimpactsɯrelatingɯtoɯtheɯretainingɯwallɯforɯthisɯcutɯareɯpresentedɯinɯ
theɯfollowingɯsection.ɯɯ

Temporary and Permanent Retaining Walls
Numerousɯretainingɯwallɯtypesɯmayɯbeɯselectedɯtoɯretainɯsoilsɯforɯtheɯcutɪandɪ
coverɯtunnels,ɯboatɯsections,ɯslopeɯcuts,ɯandɯotherɯtemporaryɯandɯpermanentɯ
excavations.ɯɯRetainingɯwallɯtypesɯthatɯmayɯbeɯusedɯincludeɯsoldierɯpileɯandɯ
laggingɯwalls,ɯsoilɯnailɯwalls,ɯcantileverɯCIPɯconcreteɯwalls,ɯdiaphragmɯwalls,ɯ
andɯgravityɯwalls.ɯɯSomeɯimpactsɯforɯretainingɯwallɯtypesɯandɯsoilɯnailsɯandɯ
tiebacksɯhaveɯalreadyɯbeenɯpresentedɯforɯtheɯRebuildɯAlternativeɯ(seeɯSectionɯ
6.2.2)ɯandɯtheɯAerialɯAlternativeɯ(seeɯSectionɯ6.3.4).ɯɯAdditionalɯimpactsɯforɯ
diaphragmɯwallsɯareɯdiscussedɯinɯtheɯfollowingɯparagraphs.ɯ

Diaphragmɯwallsɯwillɯbeɯusedɯtoɯsupportɯtheɯsidesɯofɯtheɯcutɪandɪcoverɯ
tunnel.ɯɯDiaphragmɯwallsɯforɯtheɯcutɪandɪcoverɯtunnelsɯcouldɯbeɯconstructedɯ
usingɯaɯnumberɯofɯmethods,ɯincludingɯdeepɯsoilɯmixedɯwalls,ɯslurryɯwalls,ɯ
secantɯpileɯwalls,ɯandɯtangentɯpileɯwalls.ɯɯInɯadditionɯtoɯsupportingɯexcavationɯ
sidewalls,ɯdiaphragmɯwallsɯareɯimpermeableɯ(preventɯtheɯpassageɯofɯwater),ɯ
thusɯreducingɯgroundwaterɯinflowɯintoɯexcavations.ɯɯAfterɯconstruction,ɯareasɯ
betweenɯorɯadjacentɯtoɯdiaphragmɯwallsɯwillɯbeɯexcavated,ɯandɯtheɯdiaphragmɯ
wallɯwillɯserveɯasɯaɯretainingɯwallɯforɯaɯcut.ɯɯTheɯdiaphragmɯwallɯretainingɯ
wallɯcouldɯbeɯcantilevered,ɯtiedɪback,ɯorɯinternallyɯbraced.ɯɯAsɯpreviouslyɯ
stated,ɯimproperɯdesignɯorɯconstructionɯofɯtheɯdiaphragmɯwall,ɯincludingɯtheɯ
tiebacksɯorɯbraces,ɯcouldɯresultɯinɯexcessiveɯlateralɯdisplacement,ɯsettlement,ɯ
andɯsubsequentɯloadingɯofɯadjacentɯgroundɯandɯnearbyɯroadways,ɯrailways,ɯ
utilities,ɯandɯstructures.ɯ

ConstructionɯofɯtheɯcutɪandɪcoverɯtunnelɯfromɯS.ɯWashingtonɯStreetɯtoɯ
VirginiaɯStreetɯwillɯbeɯnearɯtheɯexistingɯseawall.ɯɯBetweenɯS.ɯMainɯStreetɯandɯ
YeslerɯWay,ɯtheɯwestɯdiaphragmɯwallɯforɯtheɯcutɪandɪcoverɯtunnelɯwillɯextendɯ
beyondɯtheɯexistingɯseawallɯintoɯElliottɯBay.ɯɯForɯthisɯcase,ɯsteelɯsheetɯpilesɯwillɯ
likelyɯbeɯdrivenɯinɯtheɯwaterɯandɯfillɯplacedɯbetweenɯtheɯsheetɯpilesɯandɯtheɯ
seawallɯtoɯallowɯforɯconstructionɯofɯtheɯdiaphragmɯwall.ɯɯSiltɯcurtainsɯwillɯ
likelyɯbeɯinstalledɯduringɯconstructionɯtoɯprotectɯoverallɯwaterɯquality.ɯɯ
Vibrationɯcausedɯbyɯdrivingɯofɯsheetɯpilesɯcouldɯdamageɯtheɯexistingɯseawallɯ
andɯadjacentɯroadways,ɯutilities,ɯandɯstructures.ɯɯɯ

Foundations
TheɯTunnelɯAlternativeɯincludesɯdeepɯfoundationsɯconsistingɯofɯdrilledɯshaftsɯ
toɯsupportɯtheɯaerialɯstructures.ɯɯImpactsɯforɯdrilledɯshaftsɯwillɯbeɯsimilarɯtoɯ
thoseɯpresentedɯforɯtheɯRebuildɯAlternativeɯ(seeɯSectionɯ6.2.2).ɯ
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Ground Improvement
TheɯTunnelɯAlternativeɯincludesɯperformingɯgroundɯimprovementɯaroundɯ
foundationsɯforɯtheɯaerialɯstructureɯandɯportionsɯofɯtheɯapproachɯfillsɯlocatedɯ
southɯofɯS.ɯDearbornɯStreet.ɯɯGroundɯimprovementɯcouldɯconsistɯofɯaɯ
combinationɯofɯdeepɯsoilɯmixing,ɯjetɯgrouting,ɯand/orɯvibroɪreplacementɯ
(stoneɯcolumns).ɯɯImpactsɯforɯtheseɯgroundɯimprovementɯmethodsɯareɯsimilarɯ
toɯthoseɯpresentedɯforɯtheɯRebuildɯAlternativeɯ(seeɯSectionɯ6.2.2).ɯ

Removal of Existing Structures
TheɯTunnelɯAlternativeɯincludesɯremovalɯofɯstructuresɯthatɯmayɯhaveɯvariousɯ
typesɯofɯfoundationɯelements.ɯɯImpactsɯforɯremovalɯofɯexistingɯstructuresɯwillɯ
beɯsimilarɯtoɯthoseɯdiscussedɯinɯtheɯRebuildɯAlternativeɯ(seeɯSectionɯ6.2.2).ɯ

6.4.3 North Waterfront – Pike Street to Myrtle Edwards Park 

Broad Street Detour 
TheɯTunnelɯAlternativeɯincludesɯuseɯofɯtheɯBroadɯStreetɯDetourɯduringɯ
construction.ɯɯConstructionɯimpactsɯwillɯbeɯsimilarɯtoɯthoseɯpresentedɯforɯtheɯ
AerialɯAlternativeɯ(seeɯSectionɯ6.3.3).ɯ

Option:  Battery Street Flyover Detour 
Anotherɯoptionɯwouldɯconsiderɯtheɯconstructionɯofɯaɯfourɪlane,ɯtemporaryɯ
bridgeɯthatɯwouldɯparallelɯtheɯexistingɯviaduct.ɯɯThisɯbridgeɯwouldɯbeɯ
constructedɯwestɯofɯtheɯexistingɯviaductɯandɯwouldɯextendɯfromɯaboutɯUnionɯ
orɯPikeɯStreetɯtoɯtheɯBST.ɯɯThisɯbridgeɯwouldɯextendɯoverɯtheɯexistingɯArtɯ
InstituteɯofɯSeattleɯbuildingɯatɯitsɯhighestɯpoint.ɯɯSinceɯthisɯisɯaɯtemporaryɯ
structure,ɯtheɯbridgeɯwillɯbeɯdesignedɯtoɯappropriateɯseismicɯcriteriaɯ
protectiveɯofɯlifeɯsafetyɯbasedɯonɯtheɯexpectedɯdurationɯofɯtheɯstructure.ɯɯ
ConstructionɯimpactsɯwouldɯbeɯsimilarɯtoɯthoseɯpresentedɯforɯtheɯAerialɯ
Alternativeɯ(seeɯSectionɯ6.3.3).ɯɯɯ

6.4.4 North – Battery Street Tunnel to Ward Street 

Battery Street Tunnel Improvements 
TheɯTunnelɯAlternativeɯincludesɯaɯfire/lifeɯsafetyɯupgradeɯtoɯtheɯBST.ɯɯTheɯ
upgradeɯtoɯtheɯBSTɯwillɯincludeɯextensionɯofɯbothɯportalsɯandɯconstructionɯofɯ
severalɯemergencyɯegresses,ɯfanɯenclosures,ɯandɯventɯstructures.ɯɯConstructionɯ
impactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯAerialɯAlternativeɯ(seeɯɯ
Sectionɯ6.3.4).ɯ

Widened Mercer Underpass 
TheɯTunnelɯAlternativeɯincludesɯreestablishingɯaɯportionɯofɯtheɯsurfaceɯstreetɯ
gridɯinɯtheɯSouthɯLakeɯUnionɯareaɯnorthɯofɯtheɯBST.ɯɯAtɯThomasɯStreet,ɯaɯ
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singleɪspanɯoverpassɯstructureɯwillɯbeɯconstructedɯtoɯextendɯoverɯSRɯ99.ɯɯTheɯ
bridgeɯwillɯbeɯsupportedɯonɯfillɯembankmentsɯatɯtheɯabutments,ɯwhichɯwillɯbeɯ
retainedɯbyɯMSEɯwalls.ɯɯInɯaddition,ɯtheɯexistingɯboatɯsectionɯalongɯMercerɯ
Streetɯwillɯbeɯwidenedɯtoɯaccommodateɯadditionalɯtraffic.ɯɯTheɯwidenedɯ
roadwayɯwillɯrequireɯanɯexcavationɯthatɯwillɯbeɯsupportedɯbyɯsecantɯpileɯ
walls.ɯɯInɯaddition,ɯtheɯexistingɯdepressedɯBroadɯStreetɯroadwayɯwillɯbeɯ
backfilledɯbetweenɯFifthɯAvenueɯN.ɯandɯEighthɯAvenueɯN.ɯtoɯreestablishɯ
additionalɯsurfaceɯstreetɯconnections.ɯɯConstructionɯimpactsɯwillɯbeɯtheɯsameɯ
asɯthoseɯdiscussedɯforɯtheɯAerialɯAlternativeɯ(seeɯSectionɯ6.3.4).ɯɯ

6.4.5 Seawall – S. King Street to Myrtle Edwards Park 

Rebuild
ForɯtheɯTunnelɯAlternative,ɯtheɯexistingɯseawallɯwillɯbeɯrebuilt.ɯɯTheɯseawallɯ
willɯbeɯreplacedɯbyɯtheɯcutɪandɪcoverɯtunnelsɯbetweenɯS.ɯWashingtonɯStreetɯ
andɯVirginiaɯStreet.ɯɯTheɯremainderɯofɯtheɯseawallɯtoɯtheɯsouthɯandɯnorthɯwillɯ
beɯreplacedɯbyɯusingɯaɯcombinationɯofɯdrilledɯshaftsɯandɯjetɯgrouting,ɯandɯ
constructionɯimpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯRebuildɯ
Alternativeɯ(seeɯSectionɯ6.2.5).ɯɯ

6.5  Bypass Tunnel Alternative 

TheɯBypassɯTunnelɯAlternativeɯwillɯincorporateɯmoreɯofɯtheɯsurfaceɯstreetsɯ
thanɯtheɯpreviousɯalternatives,ɯbutɯwillɯalsoɯincludeɯaerialɯstructures,ɯboatɯ
sections,ɯandɯcutɪandɪcoverɯtunnelsɯinɯseveralɯareas.ɯɯTheɯalignmentɯgenerallyɯ
followsɯtheɯexistingɯSRɯ99ɯalignmentɯandɯextendsɯfromɯaboutɯS.ɯHanfordɯ
StreetɯtoɯValleyɯStreet.ɯɯThisɯalternativeɯalsoɯincludesɯupgradingɯtheɯBSTɯandɯ
rebuildingɯtheɯAlaskanɯWayɯSeawall.ɯɯɯ

TheɯBypassɯTunnelɯAlternativeɯwillɯbeɯconstructedɯbasedɯonɯtheɯprojectɯplansɯ
usingɯBMPsɯappropriateɯforɯtheɯprojectɯ(WSDOTɯand/orɯCityɯofɯSeattle).ɯɯIfɯ
subsurfaceɯconditionsɯencounteredɯduringɯconstructionɯatɯtheɯsiteɯareɯdifferentɯ
fromɯthoseɯassumedɯinɯtheɯdesign,ɯfutureɯunanticipatedɯimpactsɯtoɯtheɯsiteɯ
couldɯoccur.ɯ

6.5.1 South – S. Spokane Street to S. King Street 

At-Grade with SR 519 Elevated Ramps 
TheɯmainɯroadwayɯforɯtheɯBypassɯTunnelɯAlternativeɯwillɯbeginɯatɪgradeɯfromɯ
S.ɯHanfordɯStreetɯtoɯjustɯnorthɯofɯS.ɯRoyalɯBroughamɯWay.ɯɯSeveralɯrampsɯ
alongɯthisɯsectionɯwillɯexitɯfromɯtheɯmainɯroadwayɯoverɯaɯfillɯembankmentɯ
transitioningɯtoɯanɯaerialɯstructure.ɯɯTheseɯrampsɯwillɯextendɯapproximatelyɯ
parallelɯtoɯtheɯexistingɯroadwayɯfromɯaboutɯS.ɯMassachusettsɯStreetɯtoɯnorthɯofɯ
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S.ɯRoyalɯBroughamɯWay.ɯɯTheɯfillɯembankmentsɯonɯeitherɯsideɯofɯtheɯrampsɯ
willɯbeɯsupportedɯwithɯMSEɯwalls.ɯɯTheɯaerialɯstructureɯwillɯextendɯfromɯ
aboutɯS.ɯAtlanticɯStreetɯtoɯS.ɯRoyalɯBroughamɯWayɯandɯwillɯbeɯsupportedɯbyɯ
largeɪdiameterɯdrilledɯshafts.ɯɯGroundɯimprovementɯwillɯbeɯperformedɯ
aroundɯtheɯdrilledɯshaftɯfoundationsɯandɯforɯtheɯfirstɯ100ɯfeetɯofɯeachɯMSEɯ
wallɯapproachɯfill.ɯɯOverpassɯstructuresɯsupportedɯonɯdrilledɯshaftɯ
foundationsɯwillɯalsoɯbeɯconstructedɯatɯS.ɯAtlanticɯStreetɯandɯS.ɯRoyalɯ
BroughamɯWay.ɯɯTheɯabutmentsɯofɯtheseɯoverpassɯstructuresɯwillɯconsistɯofɯ
MSEɪwallɪsupportedɯfillɯembankments.ɯɯToɯtheɯwestɯofɯtheɯroadway,ɯtheseɯ
overpassɯstructuresɯwillɯconnectɯtoɯaɯroadwayɯthatɯallowsɯforɯferryɯtrafficɯ
goingɯtoɯColmanɯDock.ɯɯThisɯalternativeɯisɯsimilarɯtoɯwhatɯisɯbeingɯproposedɯ
forɯtheɯRebuildɯAlternative;ɯtherefore,ɯconstructionɯimpactsɯwillɯbeɯsimilarɯ(seeɯ
Sectionɯ6.2.1).ɯɯɯ

AɯpermanentɯwaterɯtreatmentɯfacilityɯwillɯbeɯlocatedɯdirectlyɯnorthɯofɯS.ɯRoyalɯ
BroughamɯWayɯalongɯFirstɯAvenueɯS.ɯɯThisɯfacilityɯwillɯrequireɯaɯlargeɯ
excavationɯforɯaɯ1,000ɪfootɪlong,ɯ68ɪfootɪdeepɯundergroundɯholdingɯtankɯ
locatedɯalongɯFirstɯAvenueɯS.ɯnorthɯofɯS.ɯRoyalɯBroughamɯWay.ɯɯDewateringɯ
mayɯalsoɯbeɯperformedɯforɯtheɯconstructionɯofɯtheɯwaterɯtreatmentɯfacility.ɯɯ
Impactsɯforɯexcavationɯandɯdewateringɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯ
theɯTunnelɯAlternativeɯ(seeɯSectionɯ6.4.1).ɯɯ

Theɯproposedɯpermanentɯwaterɯtreatmentɯfacilityɯwillɯrequireɯaɯdeepɯretainingɯ
wallɯtoɯsupportɯtheɯsidesɯofɯtheɯexcavation.ɯɯRetainingɯwallɯtypesɯthatɯmayɯbeɯ
usedɯincludeɯsoldierɯpileɯandɯlaggingɯwalls,ɯsoilɯnailɯwalls,ɯcantileverɯCIPɯ
concreteɯwalls,ɯdiaphragmɯwalls,ɯandɯgravityɯwalls.ɯɯTiebacksɯorɯsoilɯnailsɯmayɯ
beɯusedɯtoɯprovideɯsupport.ɯɯImpactsɯforɯtheseɯwallɯtypesɯareɯsimilarɯtoɯthoseɯ
discussedɯforɯtheɯRebuild,ɯAerial,ɯandɯTunnelɯAlternativesɯ(seeɯSectionsɯ6.2.1,ɯ
6.3.1,ɯandɯ6.4.1).ɯɯɯ

Theɯwaterɯtreatmentɯfacilityɯwillɯincludeɯtheɯuseɯofɯdeepɯfoundationsɯ
consistingɯofɯdrilledɯshaftsɯorɯCIPɯconcreteɯpilesɯtoɯsupportɯupliftɯforcesɯonɯtheɯ
baseɯslabɯofɯtheɯundergroundɯfacility.ɯɯImpactsɯforɯdrilledɯshaftsɯandɯCIPɯ
concreteɯpilesɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯRebuildɯAlternativeɯ
(seeɯSectionɯ6.2.1).ɯ

Spoilsɯconsistɯofɯsoilɯthatɯisɯremovedɯfromɯanɯexcavation,ɯsiteɯgrading,ɯgroundɯ
improvement,ɯorɯotherɯconstructionɯactivity.ɯɯForɯtheɯBypassɯTunnelɯ
Alternative,ɯaboutɯ400,000ɯcubicɯyardsɯofɯmaterialɯwillɯbeɯgeneratedɯinɯtheɯ
southɯarea.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯthoseɯpresentedɯforɯtheɯTunnelɯ
Alternativeɯ(seeɯSectionɯ6.4.1).ɯɯɯ
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6.5.2 Central – S. King Street to Battery Street Tunnel 

Side-by-Side Tunnel and Side-by-Side Aerial 
NorthɯofɯS.ɯRoyalɯBroughamɯWay,ɯtheɯmainɯroadwayɯwillɯdescendɯintoɯaɯboatɯ
sectionɯtoɯjustɯsouthɯofɯS.ɯKingɯStreet.ɯɯFromɯthisɯpointɯon,ɯtheɯroadwayɯwillɯbeɯ
inɯaɯcutɪandɪcoverɯtunnelɯsimilarɯtoɯtheɯTunnelɯAlternativeɯ(seeɯSectionɯ6.4.2).ɯɯ
TheɯcutɪandɪcoverɯtunnelɯwillɯextendɯtoɯjustɯnorthɯofɯUnionɯStreet.ɯɯ
Diaphragmɯwallsɯwillɯbeɯusedɯtoɯsupportɯtheɯsidesɯofɯtheɯtunnel.ɯɯFromɯS.ɯ
KingɯStreetɯtoɯaboutɯYeslerɯWay,ɯtheɯtunnelɯwillɯshiftɯalignmentɯuntilɯitɯmeetsɯ
theɯexistingɯseawallɯnorthɯofɯYeslerɯWay.ɯɯFromɯYeslerɯWayɯtoɯjustɯnorthɯofɯ
UnionɯStreet,ɯtheɯnewɯcutɪandɪcoverɯtunnelɯwillɯserveɯasɯtheɯreplacementɯforɯ
theɯseawall.ɯɯBetweenɯS.ɯMainɯStreetɯandɯYeslerɯWay,ɯtheɯwestɯwallɯforɯtheɯcutɪ
andɪcoverɯtunnelɯwillɯextendɯbeyondɯtheɯexistingɯseawallɯintoɯElliottɯBay.ɯɯTheɯ
cutɪandɪcoverɯtunnelɯforɯtheɯBypassɯTunnelɯAlternativeɯdoesɯnotɯcontainɯasɯ
manyɯtravelɯlanesɯasɯtheɯTunnelɯAlternative,ɯandɯthereforeɯwillɯbeɯlocatedɯ
completelyɯwestɯofɯtheɯexistingɯviaduct.ɯɯVentɯstructuresɯwillɯbeɯconstructedɯinɯ
theɯvicinityɯofɯS.ɯJacksonɯStreet,ɯCherryɯStreet,ɯnorthɯofɯSpringɯStreet,ɯandɯ
northɯofɯUnionɯStreet.ɯɯNoɯaccessɯrampsɯwillɯbeɯprovidedɯinɯtheɯcutɪandɪcoverɯ
tunnelɯarea.ɯ

NorthɯofɯUnionɯStreet,ɯtheɯroadwayɯwillɯremainɯinɯaɯcutɪandɪcoverɯtunnelɯ
untilɯjustɯnorthɯofɯPikeɯStreet,ɯwhereɯitɯwillɯtransitionɯtoɯaɯboatɯsectionɯandɯ
thenɯanɯaerialɯsectionɯextendingɯaboveɯtheɯexistingɯBNSFɯrailroadɯtracksɯandɯ
connectingɯtoɯtheɯBST.ɯɯTheɯtransitionɯthroughɯtheɯboatɯsectionɯwillɯrequireɯaɯ
verticalɯcutɯintoɯtheɯexistingɯhillsideɯbelowɯtheɯexistingɯviaduct.ɯɯThisɯcutɯwillɯ
beɯsupportedɯbyɯaɯretainingɯwallɯwithɯtiebacks.ɯɯLargeɪdiameterɯdrilledɯshaftsɯ
willɯsupportɯtheɯaerialɯstructureɯsouthɯofɯtheɯBST.ɯɯAnɯexistingɯretainingɯwallɯ
adjacentɯtoɯtheɯBNSFɯrailroadɯtracksɯwillɯbeɯrelocatedɯfartherɯbackɯintoɯtheɯ
slopeɯbelowɯtheɯexistingɯviaductɯtoɯprovideɯaccessɯforɯtheɯaerialɯstructure.ɯɯ
VentɯbuildingsɯwillɯbeɯconstructedɯinɯtheɯvicinityɯofɯVirginiaɯStreetɯandɯBellɯ
Street.ɯ

ConstructionɯimpactsɯforɯtheɯBypassɯTunnelɯalternativeɯwillɯbeɯsimilarɯtoɯtheɯ
TunnelɯAlternativeɯ(seeɯSectionɯ6.4.2).ɯɯAboutɯ850,000ɯcubicɯyardsɯofɯmaterialɯ
willɯbeɯgeneratedɯfromɯsiteɯdemolition,ɯexcavationsɯ(primarilyɯtheɯboatɯ
sectionsɯandɯcutɪandɪcoverɯtunnels),ɯfoundationɯinstallation,ɯandɯgroundɯ
improvement.ɯɯPotentialɯimpactsɯresultingɯfromɯdisposalɯofɯspoilsɯwillɯbeɯ
similarɯtoɯthoseɯpresentedɯforɯtheɯTunnelɯAlternativeɯ(seeɯSectionɯ6.4.2).ɯɯɯ
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6.5.3 North Waterfront – Pike Street to Myrtle Edwards Park 

Broad Street Detour 
TheɯBypassɯTunnelɯAlternativeɯincludesɯuseɯofɯtheɯBroadɯStreetɯDetourɯduringɯ
construction.ɯɯConstructionɯimpactsɯwillɯbeɯsimilarɯtoɯthoseɯpresentedɯforɯtheɯ
AerialɯAlternativeɯ(seeɯSectionɯ6.3.3).ɯ

Option:  Battery Street Flyover Detour 
Anotherɯoptionɯwouldɯconsiderɯtheɯconstructionɯofɯaɯfourɪlane,ɯtemporaryɯ
bridgeɯthatɯwouldɯparallelɯtheɯexistingɯviaduct.ɯɯThisɯbridgeɯwouldɯbeɯ
constructedɯwestɯofɯtheɯexistingɯviaductɯandɯwouldɯextendɯfromɯaboutɯUnionɯ
orɯPikeɯStreetɯtoɯtheɯBST.ɯɯThisɯbridgeɯwouldɯextendɯoverɯtheɯexistingɯArtɯ
InstituteɯofɯSeattleɯbuildingɯatɯitsɯhighestɯpoint.ɯɯSinceɯthisɯisɯaɯtemporaryɯ
structure,ɯtheɯbridgeɯwillɯbeɯdesignedɯtoɯappropriateɯseismicɯcriteriaɯ
protectiveɯofɯlifeɯsafetyɯbasedɯonɯtheɯexpectedɯdurationɯofɯtheɯstructure.ɯɯ
ConstructionɯimpactsɯwouldɯbeɯsimilarɯtoɯthoseɯpresentedɯforɯtheɯAerialɯ
Alternativeɯ(seeɯSectionɯ6.3.3).ɯɯɯ

6.5.4 North – Battery Street Tunnel to Ward Street 

Battery Street Tunnel Improvements 
TheɯBypassɯTunnelɯAlternativeɯincludesɯaɯfire/lifeɯsafetyɯupgradeɯtoɯtheɯBST.ɯɯ
TheɯupgradeɯtoɯtheɯBSTɯwillɯincludeɯextensionɯofɯbothɯportalsɯandɯ
constructionɯofɯseveralɯemergencyɯegresses,ɯfanɯenclosures,ɯandɯventɯ
structures.ɯɯConstructionɯimpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯ
AerialɯAlternativeɯ(seeɯSectionɯ6.3.4).ɯ

Widened Mercer Underpass 
TheɯBypassɯTunnelɯAlternativeɯincludesɯreestablishingɯaɯportionɯofɯtheɯsurfaceɯ
streetɯgridɯinɯtheɯSouthɯLakeɯUnionɯareaɯnorthɯofɯtheɯBST.ɯɯTheɯproposedɯ
improvementɯisɯtheɯsameɯasɯtheɯTunnelɯAlternative;ɯtherefore,ɯconstructionɯ
impactsɯwillɯalsoɯbeɯtheɯsameɯ(seeɯSectionɯ6.4.4).ɯɯ

6.5.5 Seawall – S. King Street to Myrtle Edwards Park 

Rebuild
Asɯwithɯtheɯotherɯalternatives,ɯtheɯBypassɯTunnelɯAlternativeɯincludesɯ
replacementɯofɯportionsɯofɯtheɯseawall.ɯɯTheɯseawallɯwillɯbeɯreplacedɯbyɯtheɯ
cutɪandɪcoverɯtunnelɯbetweenɯS.ɯWashingtonɯStreetɯandɯUnionɯStreet.ɯɯTheɯ
remainderɯofɯtheɯseawallɯtoɯtheɯsouthɯandɯnorthɯwillɯbeɯreplacedɯbyɯusingɯaɯ
combinationɯofɯdrilledɯshaftsɯandɯjetɯgroutingɯsimilarɯtoɯtheɯTunnelɯ
Alternative.ɯɯConstructionɯimpactsɯwillɯbeɯtheɯsameɯasɯthoseɯpresentedɯforɯtheɯ
TunnelɯAlternativeɯ(seeɯSectionɯ6.4.5).ɯ
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6.6  Surface Alternative 

TheɯSurfaceɯAlternativeɯwillɯconsistɯofɯprimarilyɯatɪgradeɯroadwaysɯsouthɯofɯ
theɯBST.ɯɯNumerousɯrailroadɯfacilitiesɯwillɯrequireɯrelocationɯforɯconstructionɯ
ofɯthisɯalternative.ɯɯTheɯSurfaceɯAlternativeɯwillɯalsoɯincludeɯaerialɯstructures,ɯ
boatɯsections,ɯandɯcutɪandɪcoverɯtunnelsɯinɯsomeɯareas.ɯɯTheɯalignmentɯ
generallyɯfollowsɯtheɯexistingɯSRɯ99ɯalignmentɯandɯextendsɯfromɯaboutɯS.ɯ
HanfordɯStreetɯtoɯRoyɯStreet.ɯɯFromɯaboutɯsouthɯofɯS.ɯSpokaneɯStreetɯtoɯaboutɯ
S.ɯHanfordɯStreet,ɯtheɯexistingɯrailroadɯyardɯfacilitiesɯwillɯbeɯrevisedɯtoɯ
accommodateɯtheɯnewɯroadway.ɯɯThisɯalternativeɯalsoɯincludesɯupgradingɯtheɯ
BSTɯandɯrebuildingɯtheɯAlaskanɯWayɯSeawall.ɯɯ

TheɯSurfaceɯAlternativeɯwillɯbeɯconstructedɯbasedɯonɯtheɯprojectɯplansɯusingɯ
BMPsɯappropriateɯforɯtheɯprojectɯ(WSDOTɯand/orɯCityɯofɯSeattle).ɯɯIfɯ
subsurfaceɯconditionsɯencounteredɯduringɯconstructionɯatɯtheɯsiteɯareɯdifferentɯ
fromɯthoseɯassumedɯinɯtheɯdesign,ɯfutureɯunanticipatedɯimpactsɯtoɯtheɯsiteɯ
couldɯoccur.ɯ

6.6.1 South – S. Spokane Street to S. King Street 

At-Grade with SR 519 Elevated Ramps 
ThisɯalternativeɯisɯsimilarɯtoɯwhatɯisɯbeingɯproposedɯforɯtheɯRebuildɯ
Alternative.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯinɯSectionɯ6.2.1.ɯ

Option:  SR 99 At-Grade with SR 519 Ramp Connections At-Grade 
TheɯmainɯroadwayɯforɯtheɯSurfaceɯAlternativeɯwouldɯbeɯatɪgradeɯfromɯS.ɯ
HanfordɯStreetɯtoɯjustɯnorthɯofɯPikeɯStreet.ɯɯAtɪgradeɯcrossingsɯwouldɯbeɯS.ɯ
AtlanticɯStreet,ɯS.ɯRoyalɯBroughamɯWay,ɯS.ɯKingɯStreet,ɯandɯseveralɯadditionalɯ
streetsɯtoɯtheɯnorth.ɯɯForɯferryɯaccess,ɯanɯaerialɯstructureɯwouldɯbeɯconstructedɯ
alongɯColumbiaɯStreetɯextendingɯoverɯtheɯatɪgradeɯroadway.ɯɯThisɯaerialɯ
structureɯwouldɯbeɯsupportedɯbyɯdrilledɯshaftsɯand/orɯCIPɯconcreteɯpiles.ɯɯ
Thisɯoptionɯincludesɯfeaturesɯthatɯareɯalsoɯincludedɯinɯotherɯalternatives.ɯɯ
ImpactsɯwouldɯgenerallyɯbeɯtheɯsameɯasɯthoseɯpresentedɯforɯtheɯAerialɯ
Alternativeɯ(seeɯSectionɯ6.3.1).ɯɯSpoilɯvolumesɯwouldɯbeɯonɯtheɯorderɯofɯ
430,000ɯcubicɯyards.ɯɯConstructionɯimpactsɯrelatedɯtoɯexcavationɯandɯspoilɯ
handlingɯwouldɯbeɯsimilarɯtoɯthoseɯpresentedɯforɯtheɯotherɯalternatives.ɯ

Thisɯalternativeɯalsoɯincludesɯaɯpermanentɯwaterɯtreatmentɯfacilityɯthatɯwouldɯ
beɯconstructedɯnorthɯofɯS.ɯRoyalɯBroughamɯWay.ɯɯImpactsɯrelatedɯtoɯtheɯwaterɯ
treatmentɯfacilityɯwouldɯbeɯsimilarɯtoɯthoseɯpresentedɯforɯtheɯBypassɯTunnelɯ
Alternativeɯ(seeɯSectionɯ6.5.1).ɯɯɯ
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6.6.2 Central – S. King Street to Battery Street Tunnel 

At-Grade Signalized and Side-by-Side Aerial 
Theɯalignmentɯcontinuesɯatɯgradeɯthroughɯmostɯofɯthisɯarea.ɯɯTheɯexistingɯ
pedestrianɯbridgeɯalongɯMarionɯStreetɯwillɯbeɯrebuilt.ɯɯSenecaɯStreetɯwillɯbeɯ
connectedɯtoɯtheɯatɪgradeɯroadwayɯbyɯanɯaerialɯstructureɯconnectingɯtoɯaɯfillɯ
embankment,ɯextendingɯtoɯtheɯatɪgradeɯroadway.ɯɯMSEɯwallsɯwillɯsupportɯtheɯ
fillɯembankment.ɯɯBetweenɯaboutɯPikeɯStreetɯandɯPineɯStreet,ɯtheɯroadwayɯ
gradeɯwillɯascendɯontoɯaɯfillɯembankmentɯsupportedɯbyɯMSEɯwalls.ɯɯInitiallyɯ
theɯMSEɯwallɯwillɯbeɯlocatedɯalongɯtheɯeastɯsideɯofɯtheɯroadway,ɯbutɯasɯtheɯ
roadwayɯcurvesɯtoɯtheɯnortheast,ɯgradeɯchangesɯwillɯrequireɯanɯMSEɯwallɯonɯ
theɯwestɯsideɯofɯtheɯroadwayɯonly.ɯɯFromɯjustɯsouthɯofɯPineɯStreet,ɯtheɯ
roadwayɯwillɯsplitɯandɯremainɯatɪgradeɯalongɯAlaskanɯWay,ɯandɯthenɯriseɯtoɯ
anɯaerialɯstructureɯextendingɯtowardsɯtheɯBST.ɯ

TheɯaerialɯstructureɯnorthɯofɯPineɯStreetɯwillɯbeɯlocatedɯalongɯtheɯalignmentɯofɯ
theɯexistingɯviaductɯandɯbeɯsupportedɯbyɯlargeɪdiameterɯdrilledɯshafts.ɯɯAerialɯ
ramps,ɯsupportedɯbyɯdrilledɯshafts,ɯwillɯextendɯtoɯElliottɯAvenueɯnearɯ
BlanchardɯStreet.ɯɯBetweenɯBellɯStreetɯandɯBatteryɯStreet,ɯtheɯaerialɯstructureɯ
willɯconnectɯtoɯanɯMSEɯwallɯapproachɯfill,ɯwhichɯwillɯconnectɯtoɯtheɯexistingɯ
BST.ɯɯɯ

ConstructionɯimpactsɯforɯtheɯproposedɯfeaturesɯofɯtheɯSurfaceɯAlternativeɯwillɯ
beɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯAerialɯAlternativeɯ(seeɯSectionɯ6.3.2).ɯɯ
Spoilɯvolumesɯwillɯbeɯonɯtheɯorderɯofɯ130,000ɯcubicɯyardsɯforɯthisɯarea.ɯɯ
Constructionɯimpactsɯforɯspoilɯhandlingɯwillɯbeɯsimilarɯtoɯthoseɯpresentedɯforɯ
theɯAerialɯAlternativeɯ(seeɯSectionɯ6.3.2).ɯ

6.6.3 North Waterfront – Pike Street to Myrtle Edwards Park 

Broad Street Detour 
TheɯSurfaceɯAlternativeɯincludesɯuseɯofɯtheɯBroadɯStreetɯDetourɯduringɯ
construction.ɯɯConstructionɯimpactsɯwillɯbeɯsimilarɯtoɯthoseɯpresentedɯforɯtheɯ
AerialɯAlternativeɯ(seeɯSectionɯ6.3.3).ɯ

6.6.4 North – Battery Street Tunnel to Ward Street 

Battery Street Tunnel Improvements 
SimilarɯtoɯtheɯTunnelɯAlternative,ɯtheɯSurfaceɯAlternativeɯincludesɯaɯfire/lifeɯ
safetyɯupgradeɯtoɯtheɯBST.ɯɯTheɯupgradeɯtoɯtheɯBSTɯwillɯinvolveɯextensionɯofɯ
bothɯportalsɯandɯconstructionɯofɯseveralɯemergencyɯegresses,ɯfanɯenclosures,ɯ
andɯventɯstructures.ɯɯImpactsɯwillɯbeɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯTunnelɯ
Alternativeɯ(seeɯSectionɯ6.4.4).ɯ
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Widened Mercer Underpass 
TheɯSurfaceɯAlternativeɯincludesɯreestablishingɯaɯportionɯofɯtheɯsurfaceɯstreetɯ
gridɯinɯtheɯSouthɯLakeɯUnionɯareaɯnorthɯofɯtheɯBST.ɯɯTheɯproposedɯ
improvementɯisɯtheɯsameɯasɯtheɯAerialɯAlternative;ɯtherefore,ɯconstructionɯ
impactsɯwillɯalsoɯbeɯtheɯsameɯ(seeɯSectionɯ6.3.4).ɯɯ

Option:  Existing SR 99 with Added Signals at Roy, Republican, and Harrison Streets  
Anotherɯoptionɯbeingɯconsideredɯincludesɯreestablishingɯaɯportionɯofɯtheɯ
surfaceɯstreetɯgridɯinɯtheɯSouthɯLakeɯUnionɯareaɯbyɯbackfillingɯtheɯexistingɯ
depressedɯBroadɯStreetɯroadwayɯfromɯFifthɯAvenueɯN.ɯtoɯEighthɯAvenueɯN.ɯɯ
SomeɯrealignmentɯofɯMercerɯStreetɯandɯRoyɯStreetɯwouldɯalsoɯbeɯperformedɯ
alongɯtheɯeastɯsideɯofɯSRɯ99.ɯɯConstructionɯimpactsɯwouldɯbeɯsimilarɯtoɯthoseɯ
discussedɯforɯtheɯAerialɯAlternativeɯ(seeɯSectionɯ6.3.4).ɯ

6.6.5 Seawall – S. King Street to Myrtle Edwards Park 
TheɯexistingɯseawallɯwillɯbeɯrebuiltɯfromɯS.ɯKingɯStreetɯtoɯBayɯStreetɯbyɯusingɯaɯ
combinationɯofɯdrilledɯshaftsɯandɯjetɯgrouting.ɯɯConstructionɯimpactsɯwillɯbeɯ
theɯsameɯasɯthoseɯpresentedɯforɯtheɯRebuildɯAlternativeɯ(seeɯSectionɯ6.2.5).ɯɯ
Spoilɯvolumesɯwillɯbeɯonɯtheɯorderɯofɯ230,000ɯcubicɯyardsɯforɯtheɯseawallɯ
rebuild.ɯ

ɯ
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Chapter 7 SECONDARY AND CUMULATIVE IMPACTS
Secondaryɯimpactsɯareɯimpactsɯthatɯareɯcausedɯbyɯtheɯprojectɯbutɯoccurɯlaterɯinɯ
time.ɯɯCumulativeɯimpactsɯareɯthoseɯimpactsɯthat,ɯwhenɯcombinedɯwithɯ
neighboringɯprojects,ɯmayɯleadɯtoɯaɯcumulativeɯeffectɯonɯtheɯenvironment.ɯɯɯ

ForɯallɯalternativesɯexceptɯforɯtheɯAerialɯAlternativeɯSeawallɯFrameɯOption,ɯaɯ
positiveɯimpactɯofɯrebuildingɯtheɯseawallɯisɯthatɯdamageɯtoɯstructuresɯandɯ
utilitiesɯdueɯtoɯliquefactionɯandɯcollapseɯofɯtheɯcurrentɯseawallɯwillɯbeɯ
mitigated.ɯ

AssociatedɯwithɯallɯalternativesɯexceptɯtheɯAerialɯAlternative,ɯaɯremoteɯ
holdingɯareaɯforɯWashingtonɯStateɯFerriesɯwillɯbeɯconstructedɯbetweenɯS.ɯ
RoyalɯBroughamɯWayɯandɯS.ɯKingɯStreetɯnearɯTerminalɯ46.ɯɯThisɯconstructionɯ
mayɯbeɯperformedɯconcurrentlyɯwithɯtheɯproposedɯproject,ɯandɯthereforeɯmayɯ
resultɯinɯeitherɯsecondaryɯorɯcumulativeɯimpacts.ɯɯConstructionɯofɯtheɯferryɯ
holdingɯareaɯwillɯrequireɯremovalɯofɯtwoɯexistingɯstructuresɯatɯTerminalɯ46ɯ
andɯPierɯ48.ɯɯNewɯstructuresɯforɯtheɯferryɯholdingɯfacilityɯmayɯrequireɯgroundɯ
improvementsɯtoɯmitigateɯliquefaction.ɯɯImpactsɯassociatedɯwithɯgroundɯ
improvementsɯwouldɯbeɯsimilarɯtoɯtheɯconstructionɯandɯoperationɯimpactsɯ
presentedɯpreviouslyɯ(seeɯSectionɯ6.2.1).ɯ

Erosionɯandɯsedimentɯtransportɯcouldɯhaveɯaɯcumulativeɯeffectɯifɯneighboringɯ
projectsɯareɯconstructedɯatɯtheɯsameɯtimeɯasɯtheɯAlaskanɯWayɯViaductɯproject.ɯɯ
ThisɯcouldɯresultɯinɯhigherɯsedimentɯdepositɯintoɯElliottɯBayɯorɯtheɯDuwamishɯ
Waterway.ɯɯCumulativeɯeffectsɯofɯerosion,ɯsedimentɯtransport,ɯspoilsɯhauling,ɯ
etc.,ɯcouldɯworsenɯtheɯconstructionɯandɯoperationɯimpactsɯpreviouslyɯ
presented.ɯɯForɯexample,ɯifɯstructuresɯorɯfillsɯofɯadjacentɯprojectsɯareɯplacedɯ
nearɯtheɯfillsɯorɯfoundationsɯofɯtheɯviaduct,ɯgroundɯmovementsɯcouldɯbeɯ
increasedɯandɯresultɯinɯincreasedɯdamageɯtoɯutilitiesɯorɯotherɯnearbyɯ
structures.ɯɯɯ

ɯ
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Chapter 8 OPERATIONAL MITIGATION
Mitigationɯmeasuresɯforɯtheɯoperationɯimpactsɯareɯbasedɯonɯtheɯsiteɯ
informationɯandɯstandardɯdesignɯandɯconstructionɯproceduresɯinɯuseɯatɯtheɯ
timeɯofɯthisɯmemorandum.ɯɯAllɯimpactsɯcouldɯbeɯmitigated,ɯasɯdiscussedɯinɯ
theɯfollowingɯsections.ɯɯɯ

Theɯgeologyɪɯandɯsoilsɪrelatedɯfeaturesɯofɯeachɯalternativeɯwillɯbeɯevaluatedɯ
byɯanɯexperiencedɯgeotechnicalɯengineerɯwhoɯwillɯprovideɯappropriateɯdesignɯ
recommendationsɯconsideringɯtheɯsubsurfaceɯconditionsɯinɯtheɯprojectɯareaɯasɯ
disclosedɯbyɯtheɯfieldɯexplorations.ɯɯTheseɯdesignɯrecommendationsɯwillɯtakeɯ
intoɯaccountɯtheɯoperationɯimpactsɯandɯprovideɯmitigationɯforɯtheseɯimpactsɯ
unlessɯotherwiseɯdirectedɯbyɯWSDOTɯandɯtheɯCityɯofɯSeattle.ɯ

Theɯprojectɯwillɯbeɯdesignedɯbasedɯonɯtheɯavailableɯsubsurfaceɯinformation,ɯ
designɯproceduresɯandɯcriteriaɯapprovedɯbyɯWSDOTɯandɯtheɯCityɯofɯSeattle,ɯ
andɯtheɯexistingɯsiteɯconditions.ɯɯToɯadequatelyɯdefineɯsubsurfaceɯconditionsɯ
forɯtheɯprojectɯfeatures,ɯadditionalɯsubsurfaceɯdataɯwillɯbeɯcollected.ɯɯInɯ
general,ɯpriorɯtoɯdesignɯandɯconstructionɯofɯtheɯprojectɯfeatures,ɯsubsurfaceɯ
informationɯwillɯbeɯobtainedɯatɯfoundationɯlocations,ɯalongɯproposedɯfillɯandɯ
cutɯlocations,ɯandɯatɯtheɯlocationsɯofɯotherɯprojectɯfeaturesɯsuchɯasɯsupportɯ
buildings.ɯɯThisɯwillɯpartiallyɯmitigateɯtheɯpotentialɯofɯunknownɯsubsurfaceɯ
conditionsɯaffectingɯtheɯconstructionɯorɯlifeɯofɯtheɯproject.ɯɯɯ

8.1  Mitigation Common to All Alternatives 

Mitigationɯmeasuresɯcommonɯtoɯallɯalternativesɯforɯtheɯvariousɯimpactsɯ
includedɯinɯChapterɯ5ɯareɯpresentedɯinɯtheɯfollowingɯparagraphs.ɯɯɯ

Erosion and Sediment Transport 
Drainageɯfeaturesɯforɯtheɯproposedɯalternativesɯandɯoptionsɯshouldɯbeɯ
properlyɯdesignedɯtoɯcontainɯtheɯanticipatedɯsurfaceɯrunoffɯfromɯtheɯsiteɯ
featuresɯoverɯtheɯlongɯterm.ɯɯProperɯdesignɯandɯconstructionɯofɯtheseɯfacilitiesɯ
willɯmitigateɯpotentialɯerosionɯandɯsedimentɯtransportɯontoɯadjacentɯ
properties,ɯroadways,ɯtracks,ɯorɯwaterɯbodies.ɯ

Seismic Considerations 
Siteɪspecificɯseismicɯdesignɯcriteriaɯwillɯbeɯdevelopedɯforɯtheɯproject.ɯɯTheɯ
seismicɯdesignɯcriteriaɯwillɯbeɯusedɯtoɯdetermineɯdepthsɯofɯliquefactionɯatɯ
variousɯlocationsɯalongɯtheɯalignment.ɯɯEstimatesɯofɯlateralɯspreadingɯwillɯalsoɯ
beɯdeveloped.ɯɯToɯmitigateɯliquefactionɯalongɯtheɯprojectɯcorridor,ɯgroundɯ
improvementɯwillɯbeɯperformedɯinɯareasɯwhereɯliquefiableɯsoilsɯareɯpresent.ɯɯ
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Groundɯimprovementɯwillɯconsistɯofɯsomeɯtypeɯorɯcombinationɯofɯsoilɯ
reinforcementɯsuchɯasɯdeepɯsoilɯmixing,ɯjetɯgrouting,ɯand/orɯvibroɪ
replacementɯ(stoneɯcolumns).ɯɯOtherɯmethodsɯsuchɯasɯdynamicɯdeepɯ
compactionɯwillɯnotɯbeɯsuitableɯbecauseɯofɯtheɯdevelopedɯnatureɯofɯtheɯsite.ɯ

Utilities
Numerousɯexistingɯaboveɪgradeɯandɯundergroundɯutilitiesɯwillɯbeɯimpactedɯ
byɯtheɯproject.ɯɯForɯutilitiesɯthatɯareɯlocatedɯbeneathɯproposedɯfillsɯorɯ
foundationsɯorɯinɯgroundɯimprovementɯareas,ɯrelocationɯwillɯlikelyɯbeɯ
required.ɯɯInɯareasɯwhereɯrelocationɯisɯnotɯfeasible,ɯtheɯlocationsɯofɯfoundationɯ
elementsɯcouldɯbeɯmoved.ɯɯUndergroundɯutilitiesɯbeneathɯandɯnearɯfillsɯmayɯ
settleɯandɯareɯdiscussedɯinɯtheɯnextɯsection.ɯɯAbandonedɯutilitiesɯshouldɯbeɯ
backfilledɯwithɯcementɯgroutɯorɯotherɯsuitableɯbackfillɯmaterialsɯsoɯthatɯtheyɯ
cannotɯbecomeɯconduitsɯforɯwaterɯorɯgases.ɯ

Fills and Fill Embankments 
Mitigationɯforɯtheɯoperationɯimpactsɯrelatedɯtoɯfillɯembankmentsɯmustɯ
considerɯtheɯproposedɯsettlements,ɯlateralɯmovements,ɯandɯstabilityɯissuesɯ
relatedɯtoɯtheɯpresenceɯofɯsoft,ɯnearɪsurfaceɯsoilsɯatɯtheɯsite.ɯɯTheɯmitigationɯ
measuresɯproposedɯforɯsomeɯofɯtheɯimpactsɯareɯsimilar.ɯ

Fillsɯwillɯbeɯdesignedɯtoɯconsiderɯanticipatedɯsettlementɯandɯlateralɯmovementɯ
amounts.ɯɯPotentialɯmitigationɯmeasuresɯforɯsettlementɯandɯlateralɯmovementɯ
includeɯtheɯfollowing:ɯ

¶ Preloadɯtheɯsiteɯinɯareasɯwhereɯsiteɯavailabilityɯandɯtimeɯschedulesɯ
allow.ɯ

¶ Performɯconstructionɯsequencingɯsoɯthatɯimpactedɯsettlementɪsensitiveɯ
structuresɯareɯinstalledɯafterɯmostɯofɯtheɯfillɯsettlementɯhasɯoccurred.ɯ

¶ Performɯgroundɯimprovementɯinɯareasɯwhereɯexistingɯstructuresɯneedɯ
toɯbeɯprotectedɯfromɯsettlement.ɯ

¶ Relocateɯexistingɯutilitiesɯlocatedɯbeneathɯorɯnearɯproposedɯfillɯ
embankmentsɯifɯloadsɯandɯsettlementsɯwouldɯcauseɯdamageɯtoɯtheɯ
utilities.ɯɯAlternatively,ɯmonitorɯutilitiesɯtoɯdetermineɯifɯsettlementɯ
tolerancesɯareɯbeingɯexceeded.ɯ

¶ Useɯlightweightɯfillɯmaterialsɯinɯareasɯwhereɯsettlementsɯmustɯbeɯ
minimizedɯandɯalternativeɯmeasuresɯareɯnotɯfeasible.ɯ

Existingɯpilesɯandɯproposedɯdeepɯfoundationsɯorɯotherɯburiedɯstructuresɯwillɯ
beɯevaluatedɯforɯpotentialɯdowndragɯloadsɯcausedɯbyɯsettlementɯofɯadjacentɯ
fills.ɯɯNewɯdeepɯfoundationsɯwillɯbeɯdesignedɯtoɯaccommodateɯtheɯadditionalɯ
compressiveɯloadsɯcausedɯbyɯdowndrag.ɯɯAlternatively,ɯconstructionɯ
sequencingɯcouldɯbeɯperformedɯsoɯthatɯtheɯfoundationsɯareɯinstalledɯafterɯ
mostɯofɯtheɯsettlementɯdueɯtoɯtheɯfillɯembankmentsɯhasɯoccurred.ɯɯAnotherɯ
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potentialɯmitigationɯmeasureɯwouldɯconsistɯofɯusingɯcasingɯaroundɯtheɯdeepɯ
foundationsɯinɯtheɯupperɯsoilsɯtoɯreduceɯtheɯnegativeɯskinɯfrictionɯ(downdrag)ɯ
onɯtheɯfoundation.ɯɯForɯexistingɯfoundations,ɯifɯestimatedɯdowndragɯloadsɯ
cannotɯbeɯaccommodated,ɯlightweightɯfillɯcouldɯbeɯusedɯtoɯreduceɯtheɯ
settlementɯandɯcorrespondingɯdowndrag.ɯɯAlternatively,ɯgroundɯ
improvementɯcouldɯbeɯperformed.ɯɯIfɯtheɯdowndragɯloadsɯcannotɯbeɯ
accommodatedɯbyɯtheseɯotherɯmethods,ɯadditionalɯfoundationɯelementsɯcouldɯ
beɯinstalledɯtoɯsupportɯtheɯincreasedɯloads.ɯ

Mitigationɯforɯslopeɯstabilityɯofɯfillɯembankmentsɯunderɯearthquakeɯloadingɯ
couldɯbeɯachievedɯbyɯperformingɯbeneathɯandɯadjacentɯtoɯtheɯfillɯ
embankments.ɯɯAlternatively,ɯgeotextilesɯcouldɯbeɯusedɯwithinɯtheɯfillɯmaterialɯ
toɯprovideɯadditionalɯstrengthɯandɯresistanceɯtoɯfailures.ɯ

Retaining Walls 
Mitigationɯforɯtheɯimpactsɯrelatedɯtoɯretainingɯwallsɯincludesɯperformingɯ
properɯdesignɯofɯtheɯwalls,ɯdefiningɯtheɯlocationɯandɯextentɯofɯunstableɯsoils,ɯ
andɯusingɯproperɯconstructionɯprocedures.ɯɯForɯshoringɯwallsɯorɯpermanentɯ
wallsɯforɯboatɯorɯtunnelɯsections,ɯtiebacks,ɯsoilɯnails,ɯorɯotherɯbracingɯmayɯbeɯ
usedɯtoɯimproveɯstabilityɯbyɯprovidingɯadditionalɯlateralɯresistanceɯtoɯtheɯ
earthɯpressuresɯbehindɯtheɯwall.ɯɯMinimizingɯunsupportedɯexcavationɯdepthsɯ
willɯmitigateɯpotentialɯgroundɯmovement.ɯɯTheɯbaseɯofɯtheɯwallɯshouldɯextendɯ
aɯsufficientɯdepthɯintoɯundisturbedɯsoilsɯsoɯthatɯadequateɯpassiveɯresistanceɯinɯ
frontɯofɯtheɯwallɯisɯgeneratedɯtoɯresistɯtheɯlateralɯearthɯpressuresɯbehindɯtheɯ
wall.ɯɯ

Foundations
LateralɯloadingɯofɯdrilledɯshaftsɯorɯCIPɯconcreteɯpilesɯmayɯaffectɯadjacentɯ
basementɯwalls,ɯutilities,ɯfootings,ɯorɯpiles,ɯresultingɯinɯdamageɯtoɯtheɯexistingɯ
structures.ɯɯProperɯdesignɯproceduresɯmustɯbeɯfollowedɯtoɯensureɯthatɯtheɯ
lateralɯpressuresɯdoɯnotɯexceedɯtheɯcapacityɯofɯtheɯexistingɯstructures.ɯɯOtherɯ
mitigationɯmeasuresɯthatɯcouldɯbeɯconsideredɯincludeɯimprovingɯtheɯadjacentɯ
structuresɯtoɯaccommodateɯtheɯadditionalɯloads,ɯmovingɯfoundationɯelementsɯ
fartherɯfromɯexistingɯstructures,ɯand/orɯperformingɯgroundɯimprovementɯtoɯ
distributeɯloading.ɯ

Shallowɯfootingsɯmayɯbeɯusedɯforɯsupportɯstructuresɯinɯsomeɯareas.ɯɯSpreadɯ
footingsɯthatɯareɯlocatedɯadjacentɯtoɯexistingɯwalls,ɯutilities,ɯorɯotherɯstructuresɯ
shouldɯbeɯproperlyɯdesignedɯtoɯconsiderɯadjacentɯfacilities.ɯɯTypically,ɯtheɯ
verticalɯloadɯonɯaɯfootingɯwouldɯdistributeɯitselfɯsuchɯthatɯatɯaɯgivenɯdepth,ɯ
loadɯfromɯtheɯfootingɯextendsɯoutɯaɯdistanceɯfromɯtheɯedgesɯofɯtheɯfootingɯ
equalɯtoɯ50ɯtoɯ100ɯpercentɯofɯthatɯdepth.ɯɯIfɯloadingɯonɯadjacentɯfacilitiesɯisɯaɯ
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concern,ɯtheɯfootingɯcouldɯbeɯdeepenedɯorɯmovedɯfurtherɯawayɯfromɯtheɯ
adjacentɯfacility.ɯɯɯ

Groundwater
Groundwaterɯmoundingɯmayɯalsoɯoccurɯinlandɯofɯtheɯrebuiltɯseawall.ɯɯ
Groundwaterɯbuildupɯmayɯbeɯgreaterɯthanɯ0.5ɯfootɯ(relativeɯtoɯpreɪ
constructionɯgroundwaterɯlevels)ɯalongɯtheɯwaterfrontɯbetweenɯaboutɯPikeɯ
StreetɯandɯS.ɯWashingtonɯStreet,ɯextendingɯinlandɯtoɯaboutɯFourthɯAvenue.ɯɯ
Basedɯonɯsubsurfaceɯconditionsɯandɯsurfaceɯtopography,ɯaɯmaximumɯ
groundwaterɯbuildupɯofɯapproximatelyɯ3ɯtoɯ4ɯfeetɯcouldɯoccurɯalongɯtheɯ
waterfrontɯinɯtheɯvicinityɯofɯMadisonɯStreetɯandɯMarionɯStreet.ɯɯWithinɯtheɯ
vicinityɯofɯtheɯseawall,ɯpotentialɯgroundwaterɯbuildupɯofɯthisɯmagnitudeɯ
wouldɯbeɯwithinɯtheɯexistingɯgroundwaterɯfluctuationsɯresultingɯfromɯtidesɯinɯ
ElliottɯBayɯthatɯhaveɯbeenɯobservedɯinɯshallowɯmonitoringɯwellsɯalongɯtheɯ
waterfront.ɯɯɯ

Ground Improvement 
Groundɯimprovementɯmethodsɯsuchɯasɯvibroɪreplacementɯ(stoneɯcolumns),ɯ
deepɯsoilɯmixing,ɯandɯjetɯgroutingɯshouldɯbeɯproperlyɯdesignedɯsoɯthatɯ
liquefactionɯisɯmitigated.ɯɯProperɯconstructionɯtechniquesɯandɯmonitoringɯofɯ
theɯconstructionɯqualityɯshouldɯbeɯperformedɯtoɯconfirmɯthatɯtheɯdesiredɯ
degreeɯofɯgroundɯimprovementɯisɯbeingɯachieved.ɯɯForɯexample,ɯwithɯstoneɯ
columns,ɯdensityɯtestsɯusingɯtheɯconeɯpenetrometerɯcanɯbeɯperformedɯbeforeɯ
andɯafterɯtheɯimprovementɯtoɯconfirmɯtheɯdegreeɯofɯgroundɯimprovementɯ
achieved.ɯɯForɯdeepɯsoilɯmixingɯandɯjetɯgrouting,ɯcoreɯsamplesɯcanɯbeɯobtainedɯ
atɯvariousɯdepthsɯandɯtestedɯforɯstrength.ɯɯɯ

8.2  Rebuild Alternative 

TheɯRebuildɯAlternativeɯwillɯbeɯdesignedɯbasedɯonɯavailableɯsubsurfaceɯ
information,ɯdesignɯprocedures,ɯcriteriaɯapprovedɯbyɯWSDOTɯandɯtheɯCityɯofɯ
Seattle,ɯandɯexistingɯsiteɯconditions.ɯɯMitigationɯmeasuresɯforɯerosionɯandɯ
sedimentɯtransport,ɯseismicɯconsiderations,ɯfills,ɯutilities,ɯfoundations,ɯandɯ
retainingɯwallsɯareɯpresentedɯatɯtheɯbeginningɯofɯthisɯchapterɯbecauseɯtheyɯ
relateɯtoɯnumerousɯalternatives.ɯɯɯ

8.3  Aerial Alternative 

TheɯAerialɯAlternativeɯwillɯbeɯdesignedɯbasedɯonɯavailableɯsubsurfaceɯ
information,ɯdesignɯprocedures,ɯcriteriaɯapprovedɯbyɯWSDOTɯandɯtheɯCityɯofɯ
Seattle,ɯandɯexistingɯsiteɯconditions.ɯɯMitigationɯmeasuresɯforɯerosionɯandɯ
sedimentɯtransport,ɯseismicɯconsiderations,ɯfills,ɯutilities,ɯfoundations,ɯandɯ
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retainingɯwallsɯareɯpresentedɯatɯtheɯbeginningɯofɯthisɯchapterɯbecauseɯtheyɯ
relateɯtoɯnumerousɯalternatives.ɯɯAdditionalɯmitigationɯmeasuresɯrelatedɯtoɯ
featuresɯofɯtheɯAerialɯAlternativeɯareɯpresentedɯbelow.ɯ

Fill at Broad Street 
Aɯlargeɯamountɯofɯfillɯwillɯbeɯplacedɯandɯcompactedɯintoɯtheɯcurrentɯ
depressedɯroadwayɯalongɯBroadɯStreet.ɯɯToɯmitigateɯpotentialɯlongɪtermɯ
settlementɯofɯtheɯsurfaceɯoverɯtime,ɯsuitableɯstructuralɯfillɯmaterialsɯshouldɯbeɯ
used.ɯɯInɯgeneral,ɯstructuralɯfillɯmaterialsɯshouldɯconsistɯofɯsandɯandɯgravelɯ
withɯlowɯfinesɯcontent.ɯɯTheɯmaterialɯshouldɯbeɯcompactedɯinɯthinɯliftsɯtoɯtheɯ
requiredɯcompactionɯcriteriaɯrecommendedɯbyɯtheɯdesigners.ɯɯInɯwetɯweatherɯ
conditions,ɯcleanerɯstructuralɯfillɯmaterialsɯmayɯbeɯrequired.ɯɯɯ

Boat Sections 
SomeɯareasɯofɯtheɯboatɯsectionɯnorthɯofɯtheɯBSTɯmayɯextendɯbelowɯtheɯ
groundwaterɯtable.ɯɯThisɯwouldɯresultɯinɯupliftɯpressuresɯ(dueɯtoɯbuoyancy)ɯ
onɯtheɯbaseɯofɯtheɯstructures.ɯɯTheɯbaseɯslabɯofɯtheɯboatɯsectionsɯshouldɯbeɯ
designedɯtoɯaɯsufficientɯthicknessɯ(weight)ɯtoɯresistɯtheɯanticipatedɯupliftɯ
pressure.ɯɯAdditionalɯresistanceɯtoɯupliftɯpressuresɯcouldɯincludeɯtheɯuseɯofɯ
tiedowns,ɯpiles,ɯorɯotherɯreinforcingɯelements.ɯɯɯ

Option:  Seawall Frame 
Theɯseawallɯframeɯstructureɯshouldɯbeɯproperlyɯdesignedɯforɯtheɯanticipatedɯ
lateralɯearthɯpressuresɯunderɯnormalɯconditionsɯandɯunderɯseismicɯconditions.ɯɯ
Theɯstructuralɯdesignɯshouldɯalsoɯtakeɯintoɯaccountɯloadsɯfromɯadjacentɯ
structuresɯandɯroadways.ɯɯTheɯdepthɯofɯtheɯwallɯshouldɯbeɯproperlyɯdesignedɯ
soɯthatɯenoughɯpassiveɯresistanceɯwouldɯbeɯobtainedɯbelowɯtheɯbaseɯofɯtheɯ
wallɯtoɯresistɯtheɯlateralɯearthɯpressuresɯandɯgroundwaterɯforcesɯbehindɯtheɯ
wall.ɯɯTheɯdrilledɯshaftsɯincorporatedɯintoɯtheɯframeɯstructureɯshouldɯbeɯ
adequatelyɯdesignedɯtoɯsupportɯtheɯtemporaryɯaerialɯstructureɯincludedɯinɯtheɯ
AerialɯAlternativeɯ(seeɯSectionɯ5.3.5).ɯɯ

8.4  Tunnel Alternative 

TheɯTunnelɯAlternativeɯwillɯbeɯdesignedɯbasedɯonɯavailableɯsubsurfaceɯ
information,ɯdesignɯprocedures,ɯcriteriaɯapprovedɯbyɯWSDOTɯandɯtheɯCityɯofɯ
Seattle,ɯandɯexistingɯsiteɯconditions.ɯɯMitigationɯmeasuresɯforɯerosionɯandɯ
sedimentɯtransport,ɯseismicɯconsiderations,ɯfills,ɯutilities,ɯfoundations,ɯandɯ
retainingɯwallsɯareɯpresentedɯatɯtheɯbeginningɯofɯthisɯchapter.ɯɯAdditionalɯ
mitigationɯmeasuresɯrelatedɯtoɯcutɪandɪcoverɯtunnelsɯandɯboatɯsectionsɯareɯ
presentedɯbelow.ɯ
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Cut-and-Cover Tunnels and Boat Sections 
Portionsɯofɯtheɯcutɪandɪcoverɯtunnelsɯandɯboatɯsectionsɯwillɯextendɯbelowɯtheɯ
groundwaterɯtable.ɯɯThisɯwillɯresultɯinɯupliftɯpressuresɯ(dueɯtoɯbuoyancy)ɯonɯ
theɯbaseɯofɯtheɯstructures.ɯɯTheɯbaseɯslabɯshouldɯbeɯdesignedɯtoɯaɯsufficientɯ
thicknessɯ(weight)ɯtoɯresistɯtheɯanticipatedɯupliftɯpressure.ɯɯAdditionalɯ
resistanceɯtoɯupliftɯpressuresɯcouldɯincludeɯtheɯtunnelɯdiaphragmɯwallsɯand/orɯ
theɯuseɯofɯtiedowns,ɯpiles,ɯorɯotherɯreinforcingɯelements.ɯɯɯ

Groundwaterɯmoundingɯwillɯoccurɯinlandɯalongɯtheɯboatɯsectionsɯandɯcutɪ
andɪcoverɯtunnels.ɯɯGroundwaterɯbuildupɯmayɯbeɯgreaterɯthanɯ0.5ɯfootɯ
(relativeɯtoɯpreɪconstructionɯgroundwaterɯlevels)ɯalongɯtheɯwaterfrontɯ
betweenɯaboutɯPikeɯStreetɯandɯS.ɯWashingtonɯStreet,ɯextendingɯinlandɯtoɯ
aboutɯFourthɯAvenue.ɯɯBasedɯonɯsubsurfaceɯconditionsɯandɯsurfaceɯ
topography,ɯaɯmaximumɯgroundwaterɯbuildupɯofɯapproximatelyɯ3ɯtoɯ4ɯfeetɯ
couldɯoccurɯalongɯtheɯwaterfrontɯinɯtheɯvicinityɯofɯMadisonɯStreetɯandɯMarionɯ
Street.ɯɯPotentialɯgroundwaterɯbuildupɯofɯthisɯmagnitudeɯwouldɯbeɯwithinɯtheɯ
existingɯgroundwaterɯfluctuationsɯresultingɯfromɯtidesɯinɯElliottɯBay.ɯɯ
Therefore,ɯmitigationɯmeasuresɯwillɯnotɯbeɯnecessary.ɯɯɯ

TheɯTunnelɯAlternativeɯincludesɯpermanentɯretainingɯwallsɯforɯtheɯcutɪandɪ
coverɯtunnelsɯandɯboatɯsections.ɯɯMitigationɯmeasuresɯforɯretainingɯwallɯ
impactsɯwillɯbeɯsimilarɯtoɯthoseɯpresentedɯatɯtheɯbeginningɯofɯthisɯchapter.ɯɯ
AdditionalɯmitigationɯmeasuresɯrelatedɯtoɯtheɯfillingɯinɯofɯBroadɯStreetɯwillɯbeɯ
similarɯtoɯthoseɯpresentedɯforɯtheɯAerialɯAlternativeɯ(seeɯSectionɯ8.3).ɯɯɯ

8.5  Bypass Tunnel Alternative 

TheɯBypassɯTunnelɯAlternativeɯwillɯbeɯdesignedɯbasedɯonɯavailableɯsubsurfaceɯ
information,ɯdesignɯprocedures,ɯcriteriaɯapprovedɯbyɯWSDOTɯandɯtheɯCityɯofɯ
Seattle,ɯandɯexistingɯsiteɯconditions.ɯɯMitigationɯmeasuresɯforɯerosionɯandɯ
sedimentɯtransport,ɯseismicɯconsiderations,ɯfills,ɯutilities,ɯfoundations,ɯandɯ
retainingɯareɯpresentedɯatɯtheɯbeginningɯofɯthisɯchapter.ɯɯAdditionalɯmitigationɯ
measuresɯrelatedɯtoɯtheɯfillingɯinɯofɯBroadɯStreetɯwillɯbeɯsimilarɯtoɯthoseɯ
presentedɯforɯtheɯAerialɯAlternativeɯ(seeɯSectionɯ8.3).ɯɯAdditionalɯmitigationɯ
measuresɯrelatedɯtoɯcutɪandɪcoverɯtunnelsɯandɯboatɯsectionsɯwillɯbeɯsimilarɯtoɯ
thoseɯpresentedɯforɯtheɯTunnelɯAlternativeɯ(seeɯSectionɯ8.4).ɯ

Water Treatment Facility 
Thisɯalternativeɯincludesɯaɯpermanentɯwaterɯtreatmentɯfacilityɯlocatedɯdirectlyɯ
northɯofɯS.ɯRoyalɯBroughamɯWayɯalongɯFirstɯAvenueɯS.ɯɯIfɯrequired,ɯ
liquefactionɯofɯtheɯsoilsɯadjacentɯtoɯtheɯtreatmentɯfacilityɯcouldɯbeɯmitigatedɯbyɯ
performingɯgroundɯimprovementɯsuchɯasɯjetɯgrouting,ɯdeepɯsoilɯmixing,ɯorɯ
stoneɯcolumns.ɯɯAlternatively,ɯtheɯstructureɯmayɯbeɯdesignedɯtoɯresistɯtheɯ
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lateralɯpressuresɯfromɯtheɯliquefiedɯsoils.ɯɯTheɯbaseɯslabɯofɯtheɯfacilityɯmustɯbeɯ
properlyɯdesignedɯtoɯaccommodateɯtheɯanticipatedɯupliftɯpressures.ɯɯ
Additionalɯresistanceɯtoɯupliftɯpressuresɯcouldɯincludeɯtheɯexteriorɯdiaphragmɯ
walls,ɯpiles,ɯorɯotherɯreinforcingɯelements.ɯɯɯ

8.6  Surface Alternative 

TheɯSurfaceɯAlternativeɯwillɯbeɯdesignedɯbasedɯonɯavailableɯsubsurfaceɯ
information,ɯdesignɯprocedures,ɯcriteriaɯapprovedɯbyɯWSDOTɯandɯtheɯCityɯofɯ
Seattle,ɯandɯexistingɯsiteɯconditions.ɯɯMitigationɯmeasuresɯforɯerosionɯandɯ
sedimentɯtransport,ɯseismicɯconsiderations,ɯfills,ɯutilities,ɯfoundations,ɯandɯ
retainingɯwallsɯareɯpresentedɯatɯtheɯbeginningɯofɯthisɯchapter.ɯɯAdditionalɯ
mitigationɯmeasuresɯrelatedɯtoɯtheɯfillingɯinɯofɯBroadɯStreetɯwillɯbeɯsimilarɯtoɯ
thoseɯpresentedɯforɯtheɯAerialɯAlternativeɯ(seeɯSectionɯ8.3).ɯɯAdditionalɯ
mitigationɯmeasuresɯrelatedɯtoɯtheɯpermanentɯwaterɯtreatmentɯfacilityɯwillɯbeɯ
similarɯtoɯthoseɯpresentedɯforɯtheɯBypassɯTunnelɯAlternativeɯ(seeɯSectionɯ8.5).ɯ

ɯ
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Chapter 9 CONSTRUCTION MITIGATION
Mitigationɯmeasuresɯforɯtheɯconstructionɯimpactsɯareɯbasedɯonɯtheɯsiteɯ
informationɯandɯstandardɯdesignɯandɯconstructionɯproceduresɯinɯuseɯatɯtheɯ
timeɯofɯthisɯmemorandum.ɯɯAllɯimpactsɯcouldɯbeɯmitigated,ɯasɯdiscussedɯinɯ
theɯfollowingɯsections.ɯɯɯ

Theɯconstructionɯofɯtheɯprojectɯwillɯbeɯobservedɯbyɯanɯexperiencedɯ
geotechnicalɯengineer.ɯɯTheɯengineerɯwillɯobserveɯtheɯconstructionɯactivitiesɯ
andɯprovideɯrecommendationsɯtoɯminimizeɯtheɯgeologyɪɯandɯsoilsɪrelatedɯ
impacts.ɯɯɯ

Theɯprojectɯwillɯbeɯdesignedɯbasedɯonɯtheɯavailableɯsubsurfaceɯinformation,ɯ
designɯproceduresɯandɯcriteriaɯapprovedɯbyɯWSDOTɯandɯtheɯCityɯofɯSeattle,ɯ
andɯtheɯexistingɯsiteɯconditions.ɯɯToɯadequatelyɯdefineɯsubsurfaceɯconditionsɯ
forɯtheɯprojectɯfeatures,ɯadditionalɯsubsurfaceɯdataɯwillɯbeɯcollected.ɯɯInɯ
general,ɯpriorɯtoɯdesignɯandɯconstructionɯofɯtheɯprojectɯfeatures,ɯsubsurfaceɯ
informationɯwillɯbeɯobtainedɯatɯfoundationɯlocations,ɯalongɯproposedɯfillɯandɯ
cutɯlocations,ɯandɯatɯtheɯlocationsɯofɯotherɯprojectɯfeaturesɯsuchɯasɯsupportɯ
buildings.ɯɯThisɯwillɯpartiallyɯmitigateɯtheɯpotentialɯofɯunknownɯsubsurfaceɯ
conditionsɯaffectingɯtheɯconstructionɯorɯlifeɯofɯtheɯproject.ɯɯɯ

9.1  Mitigation Common to All Alternatives 

Mitigationɯmeasuresɯcommonɯtoɯallɯalternativesɯforɯtheɯvariousɯconstructionɯ
impactsɯincludedɯinɯChapterɯ6ɯareɯpresentedɯinɯtheɯfollowingɯparagraphs.ɯɯɯ

Erosion and Sediment Transport 
ConstructionɯBMPsɯappropriateɯforɯtheɯprojectɯ(WSDOTɯand/orɯCityɯofɯ
Seattle),ɯsuchɯasɯconstructionɯstagingɯbarrierɯberms,ɯfilterɯfabricɯfences,ɯ
temporaryɯsedimentɯdetentionɯbasins,ɯandɯuseɯofɯslopeɯcoveringsɯtoɯcontainɯ
sedimentɯonsite,ɯwillɯbeɯeffectiveɯinɯprotectingɯwaterɯresourcesɯandɯreducingɯ
erosionɯfromɯareasɯwithɯcuts,ɯfills,ɯand/orɯexcavations.ɯɯErosionɯcontrolɯ
measuresɯsuitableɯtoɯtheɯsiteɯconditionsɯwillɯbeɯincludedɯasɯpartɯofɯtheɯdesign.ɯɯ
Temporaryɯerosionɯandɯsedimentɯcontrolɯplansɯwillɯbeɯpreparedɯforɯapprovalɯ
inɯaccordanceɯwithɯBMPsɯincludedɯinɯtheɯcurrentɯCityɯofɯSeattleɯStormwater,ɯ
Grading,ɯandɯDrainageɯControlɯCodeɯ(Ordinanceɯ119965)ɯandɯWSDOTɯ
HighwayɯRunoffɯManualɯ(WSDOTɯ1995),ɯwhicheverɯhasɯmoreɯstringentɯ
requirements.ɯɯErosionɯcontrolɯmeasuresɯcouldɯincludeɯvegetativeɯandɯ
structuralɯcontrols.ɯɯɯ
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Vegetative Controls
Vegetativeɯmethodsɯwillɯincludeɯcoveringɯclearedɯorɯgradedɯareasɯandɯ
excavationɯorɯembankmentɯslopesɯwithɯjuteɯorɯotherɯnetting,ɯasɯwellɯasɯ
mulchingɯorɯhydroseedingɯasɯappropriateɯtoɯminimizeɯerosionɯandɯencourageɯ
revegetation.ɯɯVegetationɯbuffersɯwillɯbeɯmaintainedɯbetweenɯconstructionɯ
areasɯandɯdrainageɯareasɯtoɯfilterɯoutɯsediments.ɯɯSinceɯmostɯofɯtheɯareasɯalongɯ
theɯalignmentɯareɯdeveloped,ɯvegetativeɯcontrolsɯmayɯnotɯbeɯapplicableɯexceptɯ
onɯtheɯslopesɯbelowɯtheɯexistingɯviaductɯsouthɯofɯtheɯBST.ɯ

Structural Controls
Structuralɯcontrolsɯconsistɯofɯartificialɯmeansɯofɯpreventingɯsedimentɯfromɯ
leavingɯtheɯconstructionɯarea.ɯɯParkingɯandɯstagingɯareasɯforɯvehiclesɯandɯ
equipmentɯcouldɯbeɯcoveredɯwithɯaɯgravelɯworkɯpadɯwhereɯappropriateɯtoɯ
preventɯtheɯdisturbanceɯandɯerosionɯofɯtheɯunderlyingɯsoil.ɯɯSiltɯfencesɯwillɯbeɯ
placedɯaroundɯdisturbedɯareasɯtoɯfilterɯsedimentɯfromɯunconcentratedɯsurfaceɪ
waterɯrunoff.ɯɯTriangularɯsiltɯdikesɯwillɯbeɯplacedɯinɯpathsɯofɯconcentratedɯ
runoffɯtoɯfilterɯsediment.ɯɯTemporaryɯditches,ɯberms,ɯandɯsedimentationɯ
pondsɯ(dependingɯonɯturbidity,ɯpossiblyɯwithɯfiltration)ɯwillɯbeɯconstructedɯtoɯ
collectɯrunoffɯsoɯthatɯentrainedɯsedimentɯcouldɯsettleɯoutɯofɯtheɯwaterɯpriorɯtoɯ
beingɯreleasedɯintoɯdrainages,ɯstreams,ɯorɯwetlands.ɯɯCleaningɯtiresɯandɯtracksɯ
onɯheavyɯequipmentɯbeforeɯtheyɯleaveɯtheɯsiteɯwillɯalsoɯassistɯinɯretainingɯ
sedimentɯonɯsite.ɯɯInɯaddition,ɯtruckɯloadsɯshouldɯbeɯcoveredɯtoɯmitigateɯ
sedimentɯdepositɯontoɯroadways.ɯ

Stormwater Treatment
Proposedɯmitigationɯmeasuresɯwouldɯcomplyɯwithɯstormwaterɯdesignɯandɯ
treatmentɯproceduresɯbasedɯonɯtheɯcurrentɯversionɯofɯtheɯWSDOTɯHighwayɯ
RunoffɯManualɯ(WSDOTɯ1995).ɯɯSuchɯproceduresɯfollowɯtheɯNationalɯPollutantɯ
DischargeɯEliminationɯSystemɯ(NPDES)ɯguidelinesɯadministeredɯbyɯtheɯ
DepartmentɯofɯEcology.ɯɯTheɯWSDOTɯguidelinesɯrequireɯapprovalɯofɯaɯ
StormwaterɯSiteɯPlanɯandɯaɯTemporaryɯErosionɯSedimentɯControlɯ(TESC)ɯPlanɯ
priorɯtoɯconstruction.ɯɯTheɯstormwaterɯdesignɯshouldɯalsoɯsatisfyɯtheɯCityɯofɯ
Seattle’sɯStormwater,ɯGrading,ɯandɯDrainageɯControlɯCodeɯ(Ordinanceɯ
119965).ɯɯTheɯerosionɯandɯsedimentɯcontrolɯmeasuresɯshouldɯbeɯinɯplaceɯbeforeɯ
anyɯclearing,ɯgrading,ɯorɯconstruction.ɯɯɯ

Stockpiles and Spoils Disposal 
ConstructionɯBMPsɯdiscussedɯinɯtheɯpreviousɯsectionɯwillɯmitigateɯsomeɯofɯtheɯ
constructionɯimpactsɯrelatedɯtoɯspoilsɯdisposal.ɯɯAdditionalɯmitigationɯ
measuresɯareɯpresentedɯinɯAppendixɯU,ɯHazardousɯMaterialsɯDisciplineɯ
Report.ɯɯɯ



SRɯ99:ɯAlaskanɯWayɯViaductɯ&ɯSeawallɯReplacementɯProjectɯ Marchɯ2004ɯ
GeologyɯandɯSoilsɯTechnicalɯMemorandumɯ 107ɯɯ
DraftɯEISɯ

Ifɯexcavatedɯsoilsɯareɯtoɯbeɯusedɯasɯfillɯinɯotherɯareasɯofɯtheɯproject,ɯtheyɯshouldɯ
beɯnoncontaminated,ɯnotɯcontainɯdebrisɯorɯorganics,ɯandɯnotɯbeɯtooɯwet.ɯɯ
Spoilsɯthatɯareɯtoɯbeɯusedɯasɯlandscapingɯfillɯorɯstructuralɯfillɯmayɯbeɯstoredɯinɯ
stockpilesɯatɯstagingɯareasɯlocatedɯalongɯtheɯprojectɯcorridor.ɯɯStockpilesɯ
shouldɯnotɯbeɯplacedɯdirectlyɯoverɯutilitiesɯorɯpavementsɯthatɯshouldɯnotɯbeɯ
damaged.ɯɯAlternatively,ɯstockpileɯheightsɯcouldɯbeɯlimitedɯsoɯthatɯexcessiveɯ
settlementɯorɯdamageɯofɯunderlyingɯutilitiesɯorɯpavementsɯdoesɯnotɯoccur.ɯɯ
Theɯstockpilesɯshouldɯbeɯcoveredɯwithɯplasticɯtoɯmitigateɯerosionɯdueɯtoɯ
surfaceɯwaterɯandɯrain.ɯ

Existing Pavements, Tracks, and Utilities 
Constructionɯtrafficɯmayɯcauseɯsettlement,ɯpotholes,ɯcracks,ɯandɯotherɯdamageɯ
toɯexistingɯroadways.ɯɯConstructionɯtrafficɯshouldɯbeɯroutedɯontoɯroadwaysɯ
thatɯareɯcapableɯofɯhandlingɯheavyɯloading.ɯɯInɯareasɯwhereɯconstructionɯ
trafficɯcannotɯbeɯrerouted,ɯexistingɯroadwaysɯwillɯeitherɯhaveɯtoɯbeɯimprovedɯ
priorɯtoɯconstructionɯorɯrepairedɯfollowingɯconstruction.ɯɯAlternatively,ɯ
smallerɯandɯlighterɯconstructionɯequipmentɯcouldɯbeɯusedɯinɯsomeɯareas.ɯɯ
SinceɯtheɯprojectɯisɯlocatedɯinɯurbanɯSeattle,ɯitɯisɯlikelyɯthatɯmanyɯroadsɯareɯ
alreadyɯdesignedɯtoɯaccommodateɯtruckɯloading.ɯɯToɯreduceɯdustɯduringɯ
hauling,ɯtheɯloadsɯshouldɯbeɯcoveredɯduringɯtransport.ɯɯɯ

Forɯutilitiesɯthatɯwillɯbeɯlocatedɯwithinɯconstructionɯareas,ɯrelocationɯcouldɯbeɯ
considered.ɯɯIfɯrelocationɯwereɯnotɯfeasible,ɯmonitoringɯofɯtheɯutilitiesɯduringɯ
constructionɯwouldɯbeɯrequired.ɯɯThisɯcouldɯbeɯdoneɯbyɯperformingɯsurveyɯ
monitoringɯatɯtheɯgroundɯsurface.ɯɯForɯmoreɯcriticalɯutilities,ɯpotholingɯorɯ
trenchingɯmayɯbeɯrequiredɯtoɯdaylightɯaɯportionɯofɯtheɯutilityɯsoɯthatɯ
monitoringɯequipmentɯcanɯbeɯplacedɯonɯtheɯutilityɯpipes.ɯɯMonitoringɯcouldɯ
consistɯofɯsurveyingɯforɯgroundɯmovementɯissuesɯorɯvibrationɯmonitoringɯforɯ
vibrationɯissues.ɯ

Fill Embankments 
Forɯfillɯembankmentsɯoverɯsoftɯsoils,ɯtheɯshortɪtermɯstabilityɯisɯusuallyɯtheɯ
mostɯcritical.ɯɯTheɯshortɪtermɯconstructionɯstabilityɯofɯtheɯproposedɯfillɯ
embankmentsɯcouldɯbeɯimprovedɯbyɯusingɯstagedɯconstruction,ɯgroundɯ
improvement,ɯand/orɯgeotextiles.ɯɯTheseɯmethodsɯwouldɯimproveɯtheɯshortɪ
termɯstabilityɯofɯtheɯfillɯembankmentsɯasɯtheɯunderlyingɯcohesiveɯsoilɯ
consolidatesɯandɯgainsɯstrengthɯoverɯtime.ɯɯTheɯuseɯofɯlightweightɯfillɯcouldɯ
alsoɯbeɯconsidered.ɯ

Staged Construction
Stagedɯconstructionɯconsistsɯofɯbuildingɯtheɯfillɯembankmentɯinɯstages,ɯ
dependingɯonɯtheɯamountɯofɯloadɯtheɯsubsurfaceɯsoilɯcanɯaccommodateɯatɯitsɯ
existingɯstrength.ɯɯAsɯtheɯsoilɯstrengthɯincreasesɯoverɯtimeɯdueɯtoɯ
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consolidation,ɯadditionalɯfillɯcouldɯbeɯplacedɯonɯtheɯstrengthenedɯsubgradeɯ
whileɯmaintainingɯaɯsimilarɯfactorɪofɪsafetyɯagainstɯfailure.ɯɯMonitoringɯofɯtheɯ
settlementɯandɯporeɯpressureɯbuildupɯandɯdissipationɯcouldɯbeɯperformedɯ
usingɯinstrumentationɯtoɯdetermineɯtheɯappropriateɯstaging.ɯ

Geotextiles
Geotextilesɯcouldɯbeɯusedɯtoɯreinforceɯpotentialɯfailureɯzonesɯwithinɯtheɯfill.ɯɯ
Forɯexample,ɯseveralɯlayersɯofɯgeotextileɯcouldɯbeɯplacedɯatɯtheɯbaseɯofɯtheɯ
proposedɯfillɯembankment.ɯɯAɯhigherɯfillɯembankmentɯcouldɯbeɯconstructedɯ
onɯtheɯreinforcedɯbaseɯthanɯaɯfillɯembankmentɯwithoutɯgeotextiles.ɯɯAlthoughɯ
stagedɯconstructionɯmayɯstillɯbeɯnecessaryɯtoɯconstructɯtheɯentireɯfillɯ
embankment,ɯusingɯgeotextileɯreinforcementsɯcouldɯreduceɯtheɯnumberɯofɯ
stagesɯrequired.ɯ

Lightweight Fill
Lightweightɯfillɯmaterialɯcouldɯbeɯusedɯtoɯconstructɯtheɯfillɯembankmentɯinɯ
areasɯwhereɯstagedɯconstructionɯisɯnotɯfeasible.ɯɯBecauseɯofɯtheɯlighterɯweightɯ
ofɯtheɯfillɯmaterial,ɯtheɯsubgradeɯsoilɯcouldɯsupportɯaɯhigherɯfillɯembankmentɯ
thanɯifɯstandardɯfillɯwereɯused.ɯɯLightweightɯfillɯmaterialsɯthatɯcouldɯbeɯ
consideredɯincludeɯExpandedɯPolystyrolɯ(EPS),ɯfoamedɯcement,ɯandɯotherɯ
lightweightɯmaterialsɯthatɯwouldɯbeɯstableɯoverɯtheɯlifeɯofɯtheɯproject.ɯ

Excavations and Dewatering 
Excavationsɯwillɯbeɯaccomplishedɯforɯconstructionɯofɯfoundationɯelements,ɯ
boatɯsections,ɯandɯcutɪandɪcoverɯtunnels.ɯɯConventionalɯequipment,ɯincludingɯ
excavatorsɯandɯbackhoes,ɯwillɯlikelyɯbeɯusedɯtoɯperformɯtheɯexcavation.ɯɯInɯ
areasɯwhereɯveryɯdenseɯsoilsɯareɯencountered,ɯsomeɯrippingɯmayɯbeɯrequired.ɯɯ
Properɯshoringɯorɯslopingɯofɯtheɯexcavationɯshouldɯbeɯperformedɯtoɯmitigateɯ
potentialɯsloughingɯofɯsoilsɯandɯlateralɯmovementɯorɯsettlementɯofɯnearbyɯ
existingɯroadways,ɯrailways,ɯstructures,ɯandɯutilities.ɯɯTheɯshoringɯsystemɯ
shouldɯconsiderɯtheɯloadsɯappliedɯdueɯtoɯconstructionɯequipmentɯworkingɯ
behindɯtheɯtopɯofɯtheɯexcavationɯandɯanyɯotherɯsurchargeɯloads.ɯɯStockpilesɯ
shouldɯbeɯplacedɯaɯminimumɯofɯtwiceɯtheɯexcavationɯdepthɯawayɯfromɯtheɯtopɯ
ofɯtheɯexcavation.ɯɯɯ

Inɯareasɯwhereɯexcavationsɯmayɯextendɯbelowɯtheɯgroundwaterɯtable,ɯerosionɯ
andɯinstabilityɯofɯexcavationɯsidesɯmayɯresult.ɯɯTheɯcontractorɯshouldɯcontrolɯ
theɯentryɯofɯwaterɯintoɯexcavations.ɯɯDewateringɯofɯsoilsɯwithinɯandɯbelowɯ
excavationsɯmayɯbeɯperformedɯtoɯcontrolɯinflow,ɯremoveɯwaterɯfromɯ
excavations,ɯandɯreduceɯhydraulicɯforcesɯthatɯcouldɯdestabilizeɯexcavations.ɯɯ
Thisɯcouldɯbeɯdoneɯbyɯusingɯsumpsɯorɯwellɯpointsɯinɯsmallɯexcavationsɯandɯ
dewateringɯwellsɯinɯdeepɯexcavations.ɯɯTheɯdewateringɯsystemɯshouldɯbeɯ
designedɯsoɯthatɯtheɯgroundwaterɯoutsideɯtheɯexcavationɯisɯnotɯchangedɯinɯ
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areasɯwhereɯadjacentɯstructuresɯmayɯbeɯaffected.ɯɯMitigationɯmeasuresɯwillɯ
includeɯtheɯuseɯofɯgroundwaterɯrechargeɯwells,ɯdewateringɯinɯsmallɯsections,ɯ
orɯuseɯofɯbarriersɯ(e.g.,ɯsheetɯpiles,ɯdiaphragmɯwalls)ɯtoɯisolateɯtheɯ
groundwaterɯtableɯwithinɯtheɯexcavation.ɯ

Cuts into Slopes 
Inɯgeneral,ɯnoɯmajorɯcutsɯintoɯexistingɯslopesɯareɯproposed.ɯɯHowever,ɯsomeɯ
cutsɯmayɯbeɯrequiredɯtoɯobtainɯaccess,ɯespeciallyɯforɯinstallationɯofɯ
foundationsɯorɯaccessɯroadsɯonɯtheɯhillsideɯbeneathɯtheɯexistingɯviaductɯ
betweenɯPikeɯStreetɯandɯBellɯStreet.ɯɯWhereɯconstructionɯrequiresɯcutsɯintoɯ
existingɯslopes,ɯsoilsɯexposedɯinɯtheɯslopeɯexcavationsɯduringɯconstructionɯ
mayɯbeɯsusceptibleɯtoɯerosion.ɯɯVegetativeɯcontrolsɯcouldɯbeɯconsidered.ɯɯ
Alternatively,ɯtemporaryɯretainingɯwallsɯcouldɯbeɯconstructedɯtoɯmaintainɯ
slopeɯstability.ɯ

Temporary and Permanent Retaining Walls 
Permanentɯandɯtemporaryɯretainingɯstructuresɯwillɯbeɯrequiredɯforɯ
excavations,ɯcutsɯintoɯslopes,ɯfoundationɯpreparation,ɯboatɯsections,ɯandɯcutɪ
andɪcoverɯtunnels.ɯɯProperɯconstructionɯproceduresɯshouldɯbeɯusedɯtoɯinstallɯ
theɯwalls.ɯɯɯ

Numerousɯretainingɯwallɯtypesɯcouldɯbeɯselectedɯtoɯretainɯsoilsɯaroundɯ
permanentɯandɯtemporaryɯexcavations.ɯɯSomeɯretainingɯwallɯtypesɯincludeɯ
sheetɯpileɯwalls,ɯsoldierɯpileɯandɯlaggingɯwalls,ɯsoilɯnailɯwalls,ɯandɯgravityɯ
walls.ɯɯDiaphragmɯwallsɯwillɯbeɯusedɯforɯtheɯcutɪandɪcoverɯtunnels.ɯɯForɯallɯofɯ
theseɯwallɯtypes,ɯproperɯconstructionɯproceduresɯwillɯmitigateɯpotentialɯ
settlementɯandɯgroundɯmovementɯadjacentɯtoɯtheɯwall.ɯɯTheɯdepthsɯofɯtheɯ
wallsɯshouldɯextendɯdeepɯenoughɯintoɯsuitableɯbearingɯsoilɯtoɯresistɯtheɯ
pressuresɯthatɯwillɯbeɯexertedɯonɯtheɯwall.ɯɯConstructionɯequipmentɯworkingɯ
atɯtheɯtopɯofɯtheɯwallɯshouldɯbeɯlimitedɯunlessɯtheɯwallɯhasɯbeenɯdesignedɯtoɯ
accommodateɯtheseɯpressures.ɯɯɯ

Inɯareasɯwhereɯadditionalɯsupportɯisɯneededɯforɯaɯwallɯandɯtheɯwallɯheightɯ
cannotɯbeɯreduced,ɯtheɯuseɯofɯbracingɯsystemsɯsuchɯasɯinternalɯbracing,ɯ
tiebacks,ɯand/orɯsoilɯnailsɯcouldɯbeɯconsidered.ɯɯPriorɯtoɯinstallationɯofɯtiebacksɯ
orɯsoilɯnails,ɯaɯcarefulɯsurveyɯofɯadjacentɯutilitiesɯandɯfoundationsɯshouldɯbeɯ
performed.ɯɯIfɯutilitiesɯorɯfoundationsɯareɯpresent,ɯtiebackɯorɯnailɯ
configurationsɯcanɯbeɯalteredɯorɯinternalɯbracingɯorɯaɯcantileverɯwallɯsystemɯ
usedɯinɯthatɯarea.ɯɯAdditionalɯmitigationɯmeasuresɯwillɯincludeɯminimizingɯ
unsupportedɯwallɯheights,ɯcontrollingɯgroundɯlosses,ɯandɯtimelyɯinstallationɯ
ofɯsuitableɯbracing,ɯtiebacks,ɯorɯsoilɯnails.ɯ

Gravityɯretainingɯwallsɯcouldɯbeɯconstructedɯtoɯretainɯpermanentɯslopesɯbyɯ
excavatingɯmaterialɯbeyondɯtheɯlimitsɯofɯtheɯfinalɯstructure,ɯconstructingɯtheɯ
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wall,ɯandɯbackfillingɯbehindɯit.ɯɯAɯtemporaryɯgravityɯwallɯwillɯbeɯconstructedɯ
toɯretainɯsoilɯaboveɯtheɯimprovedɯgroundɯareaɯbehindɯtheɯseawallɯduringɯ
construction.ɯɯThisɯwallɯcouldɯextendɯbelowɯtheɯgroundwaterɯtable.ɯɯProperɯ
constructionɯtechniquesɯshouldɯbeɯfollowedɯtoɯensureɯthatɯtheɯwallɯperformsɯ
satisfactorily.ɯɯ

Foundations
Foundationsɯthatɯareɯbeingɯconsideredɯforɯthisɯprojectɯincludeɯshallowɯspreadɯ
footings,ɯCIPɯconcreteɯpiles,ɯdrilledɯshafts,ɯandɯmicropiles.ɯɯSoldierɯpilesɯorɯ
sheetɯpilesɯmayɯalsoɯbeɯusedɯforɯshoringɯsystems.ɯɯShallowɯfoundationsɯwillɯbeɯ
usedɯinɯareasɯwhereɯdenseɯsoilsɯareɯlocatedɯcloseɯtoɯtheɯgroundɯsurfaceɯorɯ
whereɯbuildingɯloadsɯareɯrelativelyɯlight.ɯ

Driven Piles
DrivenɯpilesɯconsistingɯofɯCIPɯconcreteɯpilesɯorɯsheetɯpilesɯwillɯbeɯusedɯforɯtheɯ
supportɯofɯaerialɯstructuresɯorɯexcavationsɯincludedɯinɯtheɯalternatives.ɯɯPreɪ
constructionɯsurveysɯofɯexistingɯstructuresɯandɯvibrationɯmonitoringɯduringɯ
pileɯdrivingɯmayɯbeɯrequiredɯtoɯmonitorɯandɯmitigateɯpotentialɯdamageɯtoɯ
adjacentɯsensitiveɯstructures.ɯɯInɯareasɯwhereɯvibrationɯcannotɯbeɯtolerated,ɯ
considerationɯshouldɯbeɯgivenɯtoɯtheɯuseɯofɯdrilledɯshafts.ɯ

Drilled Shafts
Drilledɯshaftsɯwillɯbeɯusedɯtoɯsupportɯtheɯproposedɯaerialɯstructuresɯincludedɯ
inɯtheɯalternatives.ɯɯSecantɯpilesɯ(drilledɯshaftsɯinstalledɯatɯanɯoverlappingɯ
spacing)ɯmayɯalsoɯbeɯusedɯinɯsomeɯalternativesɯforɯtheɯseawall.ɯɯToɯmitigateɯ
potentialɯcavingɯofɯtheɯsoilɯinɯtheɯexcavatedɯholes,ɯslurryɯorɯcasingɯwillɯbeɯ
usedɯinɯtheɯupperɯlooseɯorɯsoftɯsoilsɯorɯinɯareasɯwhereɯsandyɯsoilsɯareɯpresent.ɯɯ
Casingɯcanɯbeɯinstalledɯbyɯtwisting,ɯdriving,ɯorɯvibratingɯtheɯcasingɯintoɯtheɯ
ground.ɯɯVibrationɯorɯdrivingɯmethodsɯshouldɯnotɯbeɯusedɯinɯareasɯthatɯareɯ
closeɯtoɯadjacentɯstructures.ɯɯInɯareasɯwhereɯtheɯshaftsɯareɯlocatedɯinɯorɯnearɯ
theɯexistingɯwaterways,ɯtemporaryɯcasingɯshouldɯbeɯusedɯtoɯpreventɯ
migrationɯofɯtheɯconcreteɯintoɯtheɯwaterwayɯthroughɯopenɯsoilɯlayers.ɯɯTheɯuseɯ
ofɯslurryɯcouldɯalsoɯbeɯusedɯtoɯmitigateɯpotentialɯheaveɯandɯerosionɯthatɯcouldɯ
beɯcausedɯbyɯwaterɯpressuresɯinɯsandɯsoils.ɯɯDrilledɯshaftsɯhaveɯaɯlimitedɯ
depthɯtoɯwhichɯtheyɯareɯfeasible.ɯɯInɯareasɯwhereɯfoundationsɯareɯrequiredɯtoɯ
extendɯdeeperɯthanɯaboutɯ120ɯfeet,ɯconsiderationɯshouldɯbeɯgivenɯtoɯusingɯ
alternativeɯfoundationɯsupportɯmethodsɯ(suchɯasɯCIPɯpiles)ɯorɯadjustingɯtheɯ
drilledɯshaftɯconfigurationɯsoɯthatɯloadsɯcanɯbeɯaccommodatedɯwithinɯtheɯ120ɪ
footɯshaftɯlength.ɯ
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Shallow Footings
Shallowɯfootingsɯwillɯalsoɯbeɯusedɯinɯsomeɯareas.ɯɯIfɯsoftɯsubgradeɯsoilsɯareɯ
exposedɯinɯfootingɯexcavations,ɯmitigationɯmeasuresɯthatɯcouldɯbeɯconsideredɯ
includeɯoverexcavationɯandɯreplacementɯwithɯcompactedɯstructuralɯfill,ɯ
increasingɯtheɯfootingɯsize,ɯperformingɯgroundɯimprovement,ɯorɯusingɯdeepɯ
foundations.ɯɯɯ

Ground Improvement 
Groundɯimprovementɯwillɯbeɯperformedɯinɯandɯaroundɯfoundationɯelementsɯ
andɯbeneathɯfillɯembankmentsɯinɯsomeɯareasɯofɯeachɯalternative.ɯɯGroundɯ
improvementɯwillɯalsoɯbeɯperformedɯforɯtheɯrebuiltɯseawallɯincludedɯinɯmostɯ
alternatives.ɯɯDependingɯonɯtheɯlocationɯandɯgoal,ɯgroundɯimprovementɯcouldɯ
consistɯofɯaɯcombinationɯofɯdeepɯsoilɯmixing,ɯjetɯgrouting,ɯandɯvibroɪ
replacementɯ(stoneɯcolumns).ɯɯTheɯgroundɯimprovementɯshouldɯbeɯperformedɯ
byɯcontractorsɯwithɯexperienceɯinɯtheɯselectedɯgroundɯimprovementɯ
technique.ɯɯDuringɯanyɯtypeɯofɯgroundɯimprovementɯinstallation,ɯmonitoringɯ
ofɯadjacentɯutilitiesɯorɯstructuresɯshouldɯbeɯperformed.ɯɯInɯgeneral,ɯjetɯgroutingɯ
andɯdeepɯsoilɯmixingɯdoɯnotɯcauseɯvibrations.ɯɯ

Jet Grouting
Theɯjetɯgroutingɯprocessɯshouldɯbeɯproperlyɯcontrolledɯbyɯtheɯcontractorɯsoɯ
thatɯgapsɯinɯtheɯimprovedɯareaɯdoɯnotɯoccurɯwhenɯsoilsɯofɯlowɯerodibilityɯareɯ
encountered.ɯɯInɯaddition,ɯshadowingɯcouldɯoccurɯwhenɯobstructionsɯsuchɯasɯ
pilesɯorɯdebrisɯareɯencountered,ɯresultingɯinɯgapsɯinɯtheɯimprovedɯzone.ɯɯTheɯ
spacingɯofɯjetɯgroutɯcolumnsɯmayɯhaveɯtoɯbeɯdecreasedɯinɯareasɯwhereɯtheseɯ
soilsɯorɯobstructionsɯareɯencountered.ɯɯTheɯjetɯgroutingɯspacingɯshouldɯbeɯ
closeɯenoughɯsoɯthatɯobstructionsɯareɯencapsulatedɯinɯtheɯjetɯgrout.ɯɯTheɯjetɯ
groutingɯpressureɯnearɯtheɯsurfaceɯshouldɯbeɯcarefullyɯcontrolledɯbyɯtheɯ
contractorɯsoɯasɯnotɯtoɯapplyɯexcessiveɯpressureɯonɯadjacentɯutilitiesɯorɯ
structures.ɯɯJetɯgroutingɯspacingɯandɯpressureɯmayɯhaveɯtoɯbeɯdecreasedɯnearɯ
criticalɯutilitiesɯorɯstructures.ɯɯSpoilsɯshouldɯbeɯproperlyɯcontainedɯbyɯ
constructingɯbermsɯorɯotherɯbarriersɯaroundɯtheɯconstructionɯarea.ɯɯɯ

Toɯmitigateɯleakageɯofɯgroutɯthroughɯtheɯfaceɯofɯtheɯexistingɯseawall,ɯallɯ
knownɯdefectsɯandɯutilityɯpenetrationsɯshouldɯbeɯsealedɯpriorɯtoɯjetɯgroutingɯ
operations.ɯɯInɯaddition,ɯtheɯgroutingɯinjectionɯjetsɯshouldɯbeɯdirectedɯawayɯ
fromɯtheɯbackɯfaceɯofɯtheɯseawallɯtoɯminimizeɯoutwardɯpressuresɯthatɯcouldɯ
resultɯinɯmovementɯofɯtheɯseawall.ɯɯSiltɯcurtainsɯorɯsheetɯpilesɯshouldɯbeɯusedɯ
toɯfurtherɯmitigateɯdepositionɯofɯgroutɯandɯsedimentɯintoɯElliottɯBay.ɯ
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Deep Soil Mixing
Duringɯdeepɯsoilɯmixingɯoperations,ɯcareɯshouldɯbeɯtakenɯtoɯavoidɯrapidɯ
advanceɯorɯwithdrawalɯofɯtheɯdeepɯsoilɯmixingɯaugersɯandɯinadequateɯcontrolɯ
ofɯgroutɯpumpingɯrates.ɯɯDeepɯsoilɯmixingɯshouldɯnotɯbeɯperformedɯ
immediatelyɯadjacentɯtoɯexistingɯutilitiesɯorɯstructuresɯbecauseɯtemporaryɯ
looseningɯofɯtheɯsoilɯcouldɯcauseɯsettlement.ɯɯSpoilsɯshouldɯbeɯproperlyɯ
containedɯbyɯconstructingɯbermsɯorɯotherɯbarriersɯaroundɯtheɯconstructionɯ
area.ɯɯProperɯcontainmentɯwillɯmitigateɯmigrationɯofɯspoilɯmaterialɯontoɯ
adjacentɯstreetsɯorɯproperties.ɯɯIfɯobstructionsɯareɯencountered,ɯjetɯgroutingɯ
couldɯbeɯconsideredɯtoɯextendɯtheɯimprovementɯtoɯaɯdeeperɯdepthɯorɯaɯlargerɯ
planɯarea.ɯ

Vibro-Replacement
Vibroɪreplacementɯ(stoneɯcolumns)ɯmayɯbeɯperformedɯinɯareasɯwhereɯ
adequateɯoverheadɯroomɯandɯequipmentɯroomɯisɯavailable.ɯɯSinceɯvibrationsɯ
areɯgeneratedɯusingɯthisɯmethod,ɯadjacentɯutilitiesɯandɯstructuresɯshouldɯbeɯ
carefullyɯmonitored.ɯɯInɯareasɯwhereɯvibrationɯmayɯcauseɯexcessiveɯsettlement,ɯ
anɯalternativeɯmethodɯofɯgroundɯimprovementɯshouldɯbeɯconsidered.ɯɯ
Alternatively,ɯvibrationɯandɯsettlementɯmonitoringɯcouldɯbeɯperformedɯtoɯ
confirmɯthatɯtolerancesɯareɯnotɯbeingɯexceeded.ɯɯɯ

Removal of Existing Structures 
TheɯBuildɯAlternativesɯincludeɯremovalɯofɯexistingɯstructuresɯthatɯmayɯhaveɯ
variousɯtypesɯofɯfoundationɯelements.ɯɯIfɯdeepɯfoundationsɯareɯtoɯbeɯremoved,ɯ
vibrationɯtechniquesɯshouldɯonlyɯbeɯusedɯinɯareasɯwhereɯadjacentɯstructuresɯ
orɯutilitiesɯareɯnotɯpresent.ɯɯNonɪvibratoryɯtechniquesɯshouldɯbeɯusedɯinɯareasɯ
whereɯadjacentɯutilitiesɯorɯstructuresɯcannotɯtolerateɯvibrationɯorɯsettlement.ɯɯ
Alternatively,ɯvibrationɯmonitoringɯcouldɯbeɯperformedɯtoɯconfirmɯthatɯ
tolerancesɯareɯnotɯbeingɯexceeded.ɯɯExcavationsɯrequiredɯtoɯremoveɯ
foundationɯelementsɯwillɯhaveɯsimilarɯimpactsɯasɯthoseɯdiscussedɯpreviouslyɯ
forɯexcavations.ɯɯɯ

Construction Vibrations 
Severalɯofɯtheɯproposedɯconstructionɯmethodsɯcouldɯcauseɯvibration,ɯ
includingɯpileɯdriving,ɯstoneɯcolumnɯinstallation,ɯandɯotherɯconstructionɯ
activitiesɯ(seeɯAppendixɯF,ɯNoiseɯandɯVibrationɯDisciplineɯReport).ɯɯTheseɯ
vibrationsɯcouldɯcauseɯgroundɯsettlementɯandɯdamageɯtoɯutilitiesɯandɯ
structures.ɯɯTheɯactualɯvibrationɯandɯsettlementɯlevelsɯthatɯoccurɯasɯaɯresultɯofɯ
constructionɯdependɯonɯmanyɯfactors,ɯincludingɯsubsurfaceɯconditionsɯandɯ
constructionɯmethodsɯandɯqualityɯofɯtheɯwork.ɯɯAllowableɯvibrationɯlevelsɯwillɯ
beɯestablishedɯforɯcriticalɯstructuresɯandɯutilitiesɯinɯtheɯvicinityɯofɯtheɯ
constructionɯactivities.ɯɯPreɪconstructionɯsurveysɯwillɯbeɯperformedɯtoɯ
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establishɯaɯbaseline.ɯɯDuringɯconstruction,ɯmonitoringɯofɯvibrationsɯcouldɯbeɯ
performedɯtoɯconfirmɯthatɯallowableɯvibrationɯlevelsɯareɯnotɯbeingɯexceeded.ɯ

Inɯareasɯwhereɯvibrationɯcannotɯbeɯtolerated,ɯconsiderationɯshouldɯbeɯgivenɯtoɯ
constructionɯmethodsɯthatɯlimitɯvibration.ɯɯForɯexample,ɯinsteadɯofɯdrivingɯ
piles,ɯdrilledɯshaftsɯcouldɯbeɯinstalled.ɯɯOtherɯmethodsɯthatɯmayɯreduceɯ
vibrationsɯdueɯtoɯpileɯdrivingɯwillɯincludeɯpreɪdrillingɯand/orɯcasingɯtheɯupperɯ
portionɯofɯtheɯpile,ɯusingɯvibratoryɯhammersɯwhereɯtheɯvibrationɯfrequencyɯ
canɯbeɯcontrolled,ɯorɯusingɯdifferentɯpileɯtypesɯ(e.g.,ɯopenɪendedɯvs.ɯclosedɪ
endedɯpipeɯpiles).ɯ

9.2  Rebuild Alternative 

TheɯRebuildɯAlternativeɯwillɯbeɯconstructedɯaccordingɯtoɯtheɯprojectɯplansɯ
usingɯBMPsɯappropriateɯforɯtheɯprojectɯ(WSDOTɯand/orɯCityɯofɯSeattle).ɯɯ
Mitigationɯmeasuresɯforɯconstructionɯimpactsɯforɯthisɯalternativeɯareɯcommonɯ
toɯallɯalternativesɯandɯareɯpresentedɯatɯtheɯbeginningɯofɯthisɯchapterɯ(seeɯ
Sectionɯ9.1).ɯɯMitigationɯmeasuresɯforɯmicropilesɯareɯlistedɯbelowɯbecauseɯtheyɯ
areɯspecificɯtoɯthisɯalternative.ɯ

Micropiles 
MicropilesɯcouldɯbeɯusedɯinɯseveralɯareasɯonɯtheɯslopeɯsouthɯofɯtheɯBSTɯtoɯ
retrofitɯexistingɯviaductɯfoundations.ɯɯMicropilesɯareɯsmallɪdiameterɯ(lessɯthanɯ
12ɯinches)ɯdrilledɯandɯgroutedɯpilesɯthatɯareɯcentrallyɯreinforcedɯwithɯsteel.ɯɯ
Properɯconstructionɯtechniquesɯwillɯmitigateɯpotentialɯimpactsɯrelatedɯtoɯ
installationɯofɯmicropiles.ɯ

9.3  Aerial Alternative 

TheɯAerialɯAlternativeɯwillɯbeɯconstructedɯaccordingɯtoɯtheɯprojectɯplansɯusingɯ
BMPsɯappropriateɯforɯtheɯprojectɯ(WSDOTɯand/orɯCityɯofɯSeattle).ɯɯMitigationɯ
measuresɯforɯconstructionɯimpactsɯforɯthisɯalternativeɯareɯcommonɯtoɯallɯ
alternativesɯandɯareɯpresentedɯatɯtheɯbeginningɯofɯthisɯchapterɯ(seeɯSectionɯ
9.1).ɯɯAdditionalɯmitigationɯmeasuresɯspecificɯtoɯthisɯalternativeɯareɯdiscussedɯ
inɯtheɯfollowingɯparagraphs.ɯ

Filling of Broad Street 
TheɯAerialɯAlternativeɯincludesɯbackfillingɯtheɯdepressedɯBroadɯStreetɯ
roadwayɯfromɯFifthɯAvenueɯN.ɯtoɯEighthɯAvenueɯN.ɯɯProperɯfillɯmaterialsɯandɯ
compactionɯtechniquesɯshouldɯbeɯusedɯtoɯmitigateɯpotentialɯfutureɯsettlementɯ
ofɯoverlyingɯstructures,ɯutilities,ɯandɯpavements.ɯɯFillɯmaterialsɯmayɯconsistɯofɯ
soilɯexcavatedɯfromɯotherɯportionsɯofɯtheɯproject,ɯprovidedɯtheyɯconsistɯofɯ
nonɪorganic,ɯgranularɯsoil.ɯɯTheɯmoistureɯcontentɯofɯtheɯmaterialɯshouldɯbeɯ
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withinɯ2ɯpercentɯofɯitsɯoptimumɯforɯcompaction.ɯɯIfɯonɪsiteɯsoilsɯareɯusedɯasɯ
structuralɯfillɯand,ɯafterɯplacement,ɯtheyɯbecomeɯwetɯandɯunsuitable,ɯtheyɯ
shouldɯbeɯremovedɯandɯreplacedɯwithɯnew,ɯsuitableɯstructuralɯfill.ɯɯImportedɯ
structuralɯfillɯmayɯbeɯusedɯifɯonɪsiteɯmaterialsɯareɯunsuitableɯandɯadditionalɯ
fillɯisɯrequired.ɯɯCompactedɯonɪsiteɯsoilsɯshouldɯbeɯprotectedɯfromɯ
degradation.ɯɯProtectionɯofɯtheɯcompactedɯareasɯcanɯbeɯaccomplishedɯbyɯ
placingɯaɯcleanɯsandɯandɯgravelɯcover.ɯ

Allɯstructuralɯfillɯshouldɯbeɯplacedɯinɯuniformɯlayersɯandɯcompactedɯtoɯatɯleastɯ
95ɯpercentɯofɯtheɯModifiedɯProctorɯmaximumɯdryɯdensityɯbasedɯonɯAmericanɯ
SocietyɯforɯTestingɯandɯMaterialsɯ(ASTM)ɯDesignationɯDɪ1557,ɯMethodɯCɯorɯDɯ
(ASTMɯ2000).ɯɯInɯareasɯwhereɯsettlementsɯareɯnotɯcritical,ɯsuchɯasɯinɯlandscapeɯ
areas,ɯtheɯsubgradeɯshouldɯbeɯcompactedɯtoɯatɯleastɯ90ɯpercentɯofɯtheɯModifiedɯ
Proctorɯmaximumɯdryɯdensity.ɯɯIfɯfillɯplacementɯandɯcompactionɯisɯproperlyɯ
controlledɯandɯmonitored,ɯtheɯidentifiedɯimpactsɯwillɯbeɯmitigated.ɯ

Option:  Seawall Frame 
TheɯSeawallɯFrameɯOptionɯincludesɯtheɯconstructionɯofɯaɯsecantɯpileɯwallɯ
immediatelyɯadjacentɯtoɯtheɯexistingɯseawall.ɯɯMitigationɯforɯsecantɯpileɯwallɯ
installationɯwouldɯbeɯsimilarɯtoɯthatɯdiscussedɯforɯdrilledɯshaftɯinstallationɯatɯ
theɯbeginningɯofɯthisɯchapterɯ(seeɯSectionɯ9.1).ɯɯɯ

Theɯsecantɯpileɯwallɯwouldɯbeɯconstructedɯbehindɯtheɯexistingɯseawall.ɯɯAɯsteelɯ
sheetɯpileɯwallɯand/orɯsiltɯcurtainɯwouldɯlikelyɯbeɯinstalledɯduringɯ
constructionɯtoɯprotectɯoverallɯwaterɯquality.ɯɯVibrationɯduringɯdrivingɯofɯ
sheetɯpilesɯwillɯbeɯmonitoredɯtoɯmitigateɯpotentialɯdamageɯtoɯtheɯexistingɯ
seawallɯandɯadjacentɯroadways,ɯutilities,ɯandɯstructures.ɯɯɯ

9.4  Tunnel Alternative 

TheɯTunnelɯAlternativeɯwillɯbeɯconstructedɯaccordingɯtoɯtheɯprojectɯplans,ɯ
usingɯBMPsɯappropriateɯforɯtheɯprojectɯ(WSDOTɯand/orɯCityɯofɯSeattle).ɯɯ
Mitigationɯmeasuresɯforɯconstructionɯimpactsɯforɯthisɯalternativeɯthatɯareɯ
commonɯtoɯallɯalternativesɯareɯpresentedɯatɯtheɯbeginningɯofɯthisɯchapterɯ(seeɯ
Sectionɯ9.1).ɯɯSpecificɯimpactsɯrelatedɯtoɯdeepɯexcavationsɯrequiredɯforɯtheɯcutɪ
andɪcoverɯtunnelsɯandɯboatɯsectionsɯareɯdiscussedɯinɯtheɯfollowingɯ
paragraphs.ɯ

Deep Excavations 
Asɯstatedɯatɯtheɯbeginningɯofɯthisɯchapter,ɯproperɯshoringɯtechniquesɯshouldɯ
beɯusedɯtoɯmitigateɯpotentialɯsettlementɯandɯlateralɯmovementɯofɯtheɯgroundɯ
behindɯtheɯexcavation.ɯɯDewateringɯwillɯalsoɯbeɯrequiredɯforɯtheɯconstructionɯ
ofɯtheɯcutɪandɪcoverɯtunnelsɯandɯboatɯsections.ɯɯDewateringɯwillɯbeɯperformedɯ
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untilɯconstructionɯofɯtheɯstructureɯisɯcompleted.ɯɯDeepɯdewateringɯwellsɯorɯ
otherɯdewateringɯsystemsɯshouldɯconsiderɯminimizingɯtheɯdrawdownɯofɯtheɯ
groundwaterɯtableɯoutsideɯofɯtheɯexcavation.ɯɯTheɯuseɯofɯrechargeɯwellsɯ
outsideɯofɯtheɯexcavationɯwillɯalsoɯprovideɯaɯmitigationɯmeasureɯforɯpotentialɯ
groundwaterɯdrawdown.ɯɯTheɯdewateringɯwellsɯshouldɯbeɯcarefullyɯ
constructedɯtoɯtheɯspecifiedɯdesignɯofɯtheɯwellɯdepth,ɯlength,ɯscreen,ɯandɯfilterɯ
pack.ɯɯProperɯmaintenanceɯofɯtheɯpumpingɯwellsɯshouldɯbeɯperformedɯtoɯ
ensureɯthatɯtheyɯareɯworkingɯasɯdesigned.ɯɯMonitoringɯofɯtheɯgroundwaterɯ
tableɯandɯsettlementɯoutsideɯofɯtheɯexcavationɯshouldɯbeɯperformedɯtoɯconfirmɯ
thatɯtheɯdewateringɯsystemɯisɯworkingɯasɯdesigned.ɯɯTheɯeffectivenessɯofɯtheseɯ
systemsɯwillɯgreatlyɯdependɯonɯtheɯsoilɯconditionsɯatɯtheɯdewateringɯlocation.ɯɯ

Diaphragmɯwallsɯwillɯbeɯusedɯtoɯsupportɯtheɯsidesɯofɯtheɯcutɪandɪcoverɯ
tunnel.ɯɯDiaphragmɯwallsɯforɯtheɯcutɪandɪcoverɯtunnelsɯcouldɯbeɯconstructedɯ
usingɯaɯnumberɯofɯmethods,ɯincludingɯdeepɯsoilɯmixedɯwalls,ɯslurryɯwalls,ɯ
secantɯpileɯwalls,ɯandɯtangentɯpileɯwalls.ɯɯInɯadditionɯtoɯsupportingɯexcavationɯ
sidewalls,ɯdiaphragmɯwallsɯareɯimpermeableɯ(preventɯtheɯpassageɯofɯwater),ɯ
thusɯreducingɯgroundwaterɯinflowɯintoɯexcavations.ɯɯProperɯconstructionɯ
proceduresɯshouldɯbeɯfollowedɯtoɯmitigateɯpotentialɯsettlementɯandɯlateralɯ
movementɯofɯtheɯgroundɯsurfaceɯbehindɯtheɯwalls.ɯ

ConstructionɯofɯtheɯcutɪandɪcoverɯtunnelɯfromɯS.ɯWashingtonɯStreetɯtoɯ
VirginiaɯStreetɯwillɯbeɯnearɯtheɯexistingɯseawall.ɯɯBetweenɯS.ɯMainɯStreetɯandɯ
YeslerɯWay,ɯtheɯwestɯdiaphragmɯwallɯforɯtheɯcutɪandɪcoverɯtunnelɯwillɯextendɯ
beyondɯtheɯexistingɯseawallɯintoɯElliottɯBay.ɯɯForɯthisɯcase,ɯsteelɯsheetɯpilesɯwillɯ
likelyɯbeɯdrivenɯinɯtheɯwaterɯandɯfillɯplacedɯbetweenɯtheɯsheetɯpilesɯandɯtheɯ
seawallɯtoɯallowɯforɯconstructionɯofɯtheɯdiaphragmɯwall.ɯɯSiltɯcurtainsɯwillɯ
likelyɯbeɯinstalledɯduringɯconstructionɯtoɯprotectɯoverallɯwaterɯquality.ɯɯɯ

Filling of Broad Street 
Mitigationɯmeasuresɯforɯconstructionɯimpactsɯwillɯbeɯsimilarɯtoɯthoseɯ
discussedɯforɯtheɯAerialɯAlternativeɯ(seeɯSectionɯ9.3).ɯ

9.5  Bypass Tunnel Alternative 

TheɯBypassɯTunnelɯAlternativeɯwillɯbeɯconstructedɯaccordingɯtoɯtheɯprojectɯ
plans,ɯusingɯBMPsɯappropriateɯforɯtheɯprojectɯ(WSDOTɯand/orɯCityɯofɯSeattle).ɯɯ
Mitigationɯmeasuresɯforɯconstructionɯimpactsɯforɯthisɯalternativeɯthatɯareɯ
commonɯtoɯallɯalternativesɯareɯpresentedɯatɯtheɯbeginningɯofɯthisɯchapter.ɯɯ
Mitigationɯmeasuresɯforɯdeepɯexcavationsɯrequiredɯforɯtheɯcutɪandɪcoverɯ
tunnelsɯandɯboatɯsectionsɯareɯsimilarɯtoɯthoseɯdiscussedɯforɯtheɯTunnelɯ
Alternativeɯ(seeɯSectionɯ9.4).ɯɯMitigationɯmeasuresɯforɯimpactsɯspecificɯtoɯthisɯ
alternativeɯareɯdiscussedɯinɯtheɯfollowingɯparagraphs.ɯ
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Water Treatment Facility 
AɯpermanentɯwaterɯtreatmentɯfacilityɯwillɯbeɯlocatedɯdirectlyɯnorthɯofɯS.ɯRoyalɯ
BroughamɯWayɯalongɯFirstɯAvenueɯS.ɯɯThisɯfacilityɯwillɯrequireɯaɯlargeɯ
excavationɯforɯaɯ1,000ɪfootɪlong,ɯ68ɪfootɪdeepɯundergroundɯholdingɯtankɯ
locatedɯalongɯFirstɯAvenueɯS.ɯnorthɯofɯS.ɯRoyalɯBroughamɯWay.ɯɯDewateringɯ
mayɯalsoɯbeɯperformedɯforɯtheɯconstructionɯofɯtheɯwaterɯtreatmentɯfacility.ɯɯ
Mitigationɯmeasuresɯwillɯbeɯsimilarɯtoɯthoseɯdescribedɯinɯtheɯbeginningɯofɯthisɯ
chapterɯforɯexcavations.ɯɯDewateringɯmitigationɯmeasuresɯwillɯbeɯsimilarɯtoɯ
thoseɯdiscussedɯforɯtheɯTunnelɯAlternativeɯ(seeɯSectionɯ9.4).ɯɯɯ

Theɯproposedɯpermanentɯwaterɯtreatmentɯfacilityɯwillɯrequireɯaɯdeepɯretainingɯ
wallɯtoɯsupportɯtheɯsidesɯofɯtheɯexcavation.ɯɯRetainingɯwallɯtypesɯthatɯmayɯbeɯ
usedɯincludeɯsoldierɯpileɯandɯlaggingɯwalls,ɯsoilɯnailɯwalls,ɯcantileverɯCIPɯ
concreteɯwalls,ɯdiaphragmɯwalls,ɯandɯgravityɯwalls.ɯɯTiebacksɯorɯsoilɯnailsɯmayɯ
beɯusedɯtoɯprovideɯsupport.ɯɯMitigationɯmeasuresɯrelatedɯtoɯtheseɯwallɯtypesɯ
areɯdiscussedɯinɯtheɯbeginningɯofɯthisɯchapterɯ(seeɯSectionɯ9.1).ɯɯɯ

Upliftɯpressuresɯactingɯonɯtheɯbaseɯofɯtheɯwaterɯtreatmentɯfacilityɯcouldɯbeɯ
resistedɯbyɯusingɯfoundationɯelementsɯsuchɯasɯdrilledɯorɯdrivenɯpilesɯand/orɯ
theɯexteriorɯdiaphragmɯwalls.ɯɯMitigationɯmeasuresɯrelatedɯtoɯconstructionɯofɯ
theseɯfoundationsɯwillɯbeɯsimilarɯtoɯthoseɯpresentedɯatɯtheɯbeginningɯofɯthisɯ
chapter.ɯɯɯ

Filling of Broad Street 
Mitigationɯmeasuresɯforɯconstructionɯimpactsɯwillɯbeɯsimilarɯtoɯthoseɯ
discussedɯforɯtheɯAerialɯAlternativeɯ(seeɯSectionɯ9.3).ɯ

9.6  Surface Alternative 

TheɯSurfaceɯAlternativeɯwillɯbeɯconstructedɯaccordingɯtoɯtheɯprojectɯplans,ɯ
usingɯBMPsɯappropriateɯforɯtheɯprojectɯ(WSDOTɯand/orɯCityɯofɯSeattle).ɯɯ
Mitigationɯmeasuresɯforɯconstructionɯimpactsɯforɯthisɯalternativeɯthatɯareɯ
commonɯtoɯallɯalternativesɯareɯpresentedɯatɯtheɯbeginningɯofɯthisɯchapter.ɯɯ
Mitigationɯmeasuresɯforɯimpactsɯspecificɯtoɯthisɯalternativeɯareɯdiscussedɯinɯ
theɯfollowingɯparagraphs.ɯ

Water Treatment Facility 
Mitigationɯmeasuresɯforɯconstructionɯimpactsɯwillɯbeɯsimilarɯtoɯthoseɯ
discussedɯforɯtheɯBypassɯTunnelɯAlternativeɯ(seeɯSectionɯ9.5).ɯ

Filling of Broad Street 
Mitigationɯmeasuresɯforɯconstructionɯimpactsɯwillɯbeɯsimilarɯtoɯthoseɯ
discussedɯforɯtheɯAerialɯAlternativeɯ(seeɯSectionɯ9.3).ɯ
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